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PREFACE. 


THE present volume contains eleven papers presented at the 
Autumn Meeting held in Manchester on September 16 to 18, 
1935, together with the discussions and correspondence on them. 
The functions held and the works visited during the meeting 
are also reported. Bibliographical notes on the careers of 
deceased members are to be found at the end of Section I. 


Two Special Reports were also presented at the Meeting in 
Manchester, namely, Special Report No. 9, ‘“ Sixth Report on 
the Heterogeneity of Steel Ingots,” being a Report by a Joint 
Committee of the Iron and Steel Institute and the British Iron 
and Steel Federation to the Iron and Steel Industrial Research 
Council, and Special Report No. 10, “‘ Waste-Heat Boilers in 
Open-Hearth Practice,” the Second Report of the Open-Hearth 
Committee, being a Committee of the Iron and Steel Industrial 
Research Council. In view of the importance and interest of 
these two Reports, arrangements were made for them to be 
discussed at further meetings arranged jointly with a number of 
local institutions; accordingly, the entire discussion, both at 
the Manchester Meeting and at the further meetings, together 
with the correspondence and the Committee’s Replies, have been 
held over and will be published later. 


Section II. contains the usual notes on the progress of the 
home and foreign iron and steel industries as reported in the 
proceedings of scientific and technical societies and in the technical 
press, together with notices of new books presented to the 
Institute, and a bibliography of the principal works dealing 
with the metallurgy of iron and steel and allied subjects which 
have appeared during the half-year. 


In front of the title-page is inserted a list of the British 
Standardised Steel Samples issued jointly by the Iron and Steel 
Institute and the National Physical Laboratory, showing where 
and on what terms the samples are available. Proposal forms 
for Membership and Associateship of the Institute will also be 
found in the same place. 


28 Victoria STREET, Lonpon, S.W.1. 
December, 1935. 
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MINUTES OF PROCEEDINGS 
AND 
PAPERS AND DISCUSSIONS 
AT THE 
AUTUMN MEETING IN 
MANCHESTER, 1935. 


THE AvUTUMN MEETING OF THE [RON AND STEEL INSTITUTE 
took place in Manchester during the week beginning September 16, 
1935. Two sessions for the discussion of papers were held, the 
first on Tuesday, September 17, in the Great Hall of the Man- 
chester College of Technology at 9.30 a.m., and the second in 
the Students’ Common Room of the College on Wednesday, 
September 18, at 9 a.m. The Rt. Hon. The Earl of Crawford 
and Balcarres, P.C., K.T., President of the Manchester Reception 
Committee, took the Chair at the opening of the meeting, and 
was followed during the discussions by Sir Harold Carpenter, 
D.Sce., F.R.S., President of the Institute. 


WELCOME TO THE INSTITUTE. 
The Institute was welcomed by Lord Crawford and Balcarres 
and by the Rt. Hon. the Lord Mayor of Manchester (Alderman 


Samuel Woollam, J.P.). 


The Rt. Hon. THe Eart or CRAWFORD AND BALCARRES 
(President of the Manchester Reception Committee) said that 
this was the first occasion during the present century that the 
people of Lancashire had had the opportunity and the honour 
of welcoming the Iron and Steel Institute to their county. They 
did so with the utmost satisfaction. Not only were they closely 
concerned and intimately allied with all the great industries 
which the Institute represented, but the inhabitants of Lancashire, 
and particularly of the City of Manchester, were in the very 
centre of a great aggregation of population, of a wide and varied 
distribution of industry, of a very large and a very active market, 
and, he might add—and he hoped that, after their experiences 
the following day, the members would agree with him—of a 
great spirit of enterprise. 
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He was glad to welcome the members of the Institute in 
order to dispel one of two great fallacies which seemed to envelop 
British opinion. On one he would not dwell; indeed, he would 
not name it; but the second fallacy was the fallacy that Lanca- 
shire was down and out. It would, he hoped, be possible to 
convince the members that in many ways the people of Lancashire 
were playing their full part in the scrutiny and solution of all those 
difficult problems which faced the enterprise and the prosperity 
of the country. They, on their part, were grateful for and would 
be heartened by the presence in their midst of so many who 
represented the great industries of steel and of iron. 

He had the honour to invite their most distinguished guest 
and host, the Lord Mayor of Manchester, to welcome the Institute 


to the City. 


The Rt. Hon. THE Lorp Mayor or MancueEster (Alderman 
Samuel Woollam, J.P.) said that it was a great privilege for 
him, as representing the citizens of Manchester, to offer to the 
Institute a very hearty welcome in the name of the citizens. 
Lord Crawford had very rightly drawn attention to the fact that 
a great many people who were not acquainted with Lancashire 
and Manchester had the idea that Lancashire was down and 
out. He could give the assurance that Lancashire, and Man- 
chester in particular, was anything but down and out. 

When the Chairman of the Reception Committee, Mr. J. E. 
James, approached him to see whether the Corporation would 
afford facilities for welcoming the Institute to Manchester, he 
readily assented and said that they would do everything possible 
to make the visit of the Institute a success. One of the most 
encouraging things during his year of office had been the great 
improvement in Manchester and in Lancashire generally of the 
engineering trades, which afforded some compensation for the 
loss of trade in the cotton industry. He believed that, as com- 
pared with a year ago, at least a thousand more people were 
employed by the engineering trades in Manchester. That was 
very encouraging, because as Chief Magistrate of the city he 
wished to see employment found for the people of Manchester, 
for employment created happy homes. 

Judging by the programme which the Institute had arranged, 
every facility had been afforded for the members to see what 
Manchester could do. The ladies were to visit that morning 
the premises of firms who would show them some of the fabrics 
which Lancashire could produce—and Lancashire could produce 
some of the finest cotton and silk goods in the country. The 
shopkeepers of the city had laid themselves out to show their 
best goods, and he hoped the ladies of the party would do them 
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the honour of visiting their shops and seeing what they had to 
offer. 
The College of Technology, in which the Institute was mecting, 
had done and was doing to day a great deal to assist the engineering 
works of the city and the adjoining area, and he would be failing 
in his duty if he did not say how glad the civic authorities were 
to see present that day the Principal of the College (Mr. B. Mouat 
Jones), who had been ill for some time and whose illness had 
given all those associated with the College a very anxious time. 
Mr. Mouat Jones had done admirable work in connection with 
the College, and it was a pleasure to see him about once more ; 
it was to be hoped that his health had been completely restored, 
80 that he might continue his good work. 

He would like to say, not only as Lord Mayor of Manchester, 
but as Chairman of the Education Committee, how glad he was 
that the Board of Education were now awake to the desirability 
of enquiring into the work of technical education in this country, 
because he felt that, although much had been done, much 
remained to do. He would like to appeal to employers of labour 
in the engineering industry to do whatever they could to help, 
so that when students were trained to enter the engineering 
industry employment could be found for them in and near the 
city. 
The members of the Institute could rest assured that Man- 
chester would not only do its duty in seeing that they had a 
good time during their visit, but was at all times ready to do 
its best to encourage the engineering trades, because by so doing 
employment was found for its citizens. If during the next 
few days the members became tired of looking at machinery, 
for relaxation they would be able to visit one of the most im- 
portant agricultural shows in the country, now being held in 
the neighbourhood of Manchester. In the name of the City he 
offered them a very hearty welcome, and hoped they would carry 
away with them very pleasant recollections of their visit. 


Sir HaroLtp Carpenter, D.Sc., F.R.S. (President of the 
Institute), who responded, thanked Lord Crawford and the 
Lord Mayor of Manchester, on behalf of the members of the 
Institute and their ladies, for the delightful welcome they had 
given them. Lord Crawford had referred to the fact that this 
was the first visit which the Institute had paid to Manchester 
during the present century. That was true, but he would like 
to point out that in the early days of the life of the Institute, 
at a time when it needed friends, there was no city which showed 
itself more fiiendly and generous than Manchester. The Institute 
was founded in 1869, and Manchester, although, as had been 
said, not pre-eminently a centre of metallurgy, showed its 
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enterprise in recognising the work that such an Institute could 
do for its interests, with the result that the Institute met three 
times in Manchester during the last century. There was no 
other city in the country which had that record. 

The first meeting was in 1875, when the Institute was six 
years old, and its membership numbered only a few hundreds. 
The President just previous to that meeting was the famous 
Sir Lowthian Bell, but the President at that first meeting in 
Manchester was Mr. William Menelaus. On looking through 
the Journal which gave an account of that meeting, he had 
been interested to notice the famous names of Bessemer, Crawshay, 
and that famous citizen of Manchester, Sir Joseph Whitworth. 
The second visit was in 1887, the year of the Jubilee Exhibition, 
and on that occasion the President was a Manchester citizen, 
Daniel Adamson—a name well known and honoured in Manchester 
to-day. There was a very remarkable exhibit at that meeting 
by the firm of Sir Joseph Whitworth & Co. of hollow and solid 
ingots of cast steel made under their system of fluid compression, 
and hollow shafts, cubes and rings made under their system 
of hydraulic forging machines. One of the contributors to 
the discussion on that occasion was a Mr. F. W. Harbord, who 
was now one of the Past-Presidents of the Institute. He had 
hoped that Mr. Harbord would be present that morning; he 
was to be congratulated in that, although it was now forty-eight 
years since he first contributed to a discussion before the 
Institute, he was still in the full tide of his abilities. 

The third visit was in 1899, and the President on that occasion 
was the late Sir William Roberts-Austen, a name of special 
interest to him personally, because Sir William was his pre- 
decessor at Manchester University and at the Royal School 
of Mines. Papers were presented at that meeting which had 
had a most profound effect on the engineering industry. It 
was the beginning of the period of metallography. One of the 
most important papers at that time was by Dr. Stansfield, on 
‘The present position of the solution theory of carburised iron.” 

The present was therefore the fourth visit of the Institute 
to Manchester. it was of interest to mention that more steel 
had been produced since the last visit of the Institute to 
Manchester than in the whole of the previous history of the world. 
That might sound a very remarkable statement, but it was 
quite true. The development of steel metallurgy had been very 
remarkable, but he wanted to stress not the quantitative side 
of production, but the quality of the products, and he would 
like to give two or three examples showing how the advance in 
the industry which the Institute strove to serve had helped the 
industries in the Manchester district. 

He would begin with cutting tools. When the Institute 
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last met in Manchester, high-speed steels did not exist. The 
whole of the revolution created by the discovery of the rapid 
cutting steels had takem place since that period. He would 
like to mention one of the early papers on that subject, a paper 
contributed by a citizen of Manchester, Mr. Leadhill. There 
were some present in the room that day who would remember 
that paper, which was a very important one. Then there were 
the high tensile steels which were used to-day in structural work. 
The most remarkable example of their use was the Sydney 
Harbour bridge, where 38,000 tons of steel were formed into a 
single arch. That would have been quite impossible thirty-five 
years ago. The heat-resisting and scale-resisting steels, which 
were so much used in plant to-day and which enabled high 
temperatures and pressures to be reached, had also been developed 
during this period; but probably the greatest discovery had 
been that of what was called stainless steel. The discovery of 
stainless steel was one of the major inventions of the century, 
and it could be said that the problem of the corrosion of steel 
was now solved. He meant, of course, the technical problem. 
Steel which would not corrode could be produced for a very large 
number of purposes, but whether people would pay to use it 
under such conditions was a commercial matter. Scientifically, 
however; the problem of corrosion had been solved, and to-day 
we were in the full tide of development of alloy steel metallurgy. 
The previous services of the Institute to industry had been 
great, but he thought that to-day they were greater than they 
had ever been. 


PRESENTATION TO THE FORMER SECRETARY OF THE INSTITUTE, 
Mr. G. C. Luioyp. 


Sir HaroLtp CARPENTER (the President) said the members 
would recall that two years ago Mr. Lloyd had retired from 
the Secretaryship of the Institute, after having been Assistant 
Secretary from 1900 to 1904 and Seerctary from 1909 to 1933. 
At the time of his retirement the Council made a presentation 
to him, but since then a movement had been initiated among 
the members themselves, who were desirous of not letting Mr. 
Lloyd go without taking their share in a presentation. That 
movement had the fullest support of the Council. Professor 
J. H. Andrew had been very active in the matter, and ina moment 
he would ask him to make the presentation. He wished to 
mention that the French members had not been invited to 
subscribe on this occasion, because they had, with that generous 
charm which was characteristic of their nation, already made a 
presentation to Mr. Lloyd immediately on his retirement; he 
would like also to add that a letter had been received from 
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German members and friends in which they conveyed their best 
wishes to Mr. Lloyd and expressed the feelings of esteem and 
regard in which they held him. 


Professor J. H. ANDREW (Sheffield), in making the presentation, 
said he was sure that every member of the Institute would like 
to associate himself with the kind remarks which Sir Harold 
Carpenter had made with reference to Mr. Lloyd. They all 
recognised that the splendid position which the Institute had 
attained among the metallurgical societies of the world was 
due in no small measure to the efficient guidance which it had 
had at the hands of Mr. Lloyd, and they had always regarded 
him not only as their secretary, but as their counsellor and 
friend. His charming personality, his tact, and his modesty, 
emanating from a spirit of kindliness, had endeared him to them 
all. 

They were presenting Mr. Lloyd that day with a desk and a 
cheque. Unfortunately, a desk was rather a large article of 
furniture to hand over on such an occasion, and he would 
therefore hand to Mr. Lloyd an inscribed plate which would 
be firmly fixed to the desk, on which the inscription read : 


To 
GEORGE CHRISTOPHER LLOYD 
SECRETARY 
OF THE*IRON AND STEEL INSTITUTE 
1909 To 1933. 
As A TOKEN OF THEIR AFFECTION AND EstTEEM 
FROM HIS FRIENDS 


THE MEMBERS. 


He ventured to suggest that no words were more sincerely engraved 
at any time. 

Addressing Mr. Lloyd, Professor Andrew continued: ‘‘ We 
ask you on behalf of the members of the Iron and Steel Institute 
to accept this as a token of their affection, and we sincerely trust 
that you and Mrs. Lloyd will enjoy long life and happiness. In 
other words, may you enjoy all the good things that you have so 
honourably and truly earned.” 


The presentation was then made amid prolonged applause. 


Mr. G. C. Lioyp, in reply, said it was indeed difficult for 
him to find words in which to express his gratitude for the very 
kind manifestation of their goodwill which the members had 
shown him. He would like to thank them each personally, 
but they would find that a tiring business. He had actually 
been associated with the Institute for twenty-nine years; he 
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was Assistant Secretary for four years, and then, after a short 
interval, returned to the Institute to take up the office of Secretary, 
which he held for twenty-five years. That might not seem a very 
long time, but he started rather late in life. It was his own 
suggestion that the time had come when it was desirable to 
retire, for he had become sadly conscious of what metallurgists 
called the ageing effect. He felt that the time had come—as it 
must come to everyone—to bid farewell to what had been the 
chief interest of his life and to make room for someone more 
capable of bearing the increasing responsibilities imposed by 
the work of the Institute. 

It had always been his aim to make himself as accesible as 
possible to the members, and it had been a very great privilege 
to find that he had gained a great multitude of friends in the 
course of his years of service. The great majority of his friends, 
of course, were among the British members, but he had also 
to express his gratitude to his French friends, who, a little while 
ago, in that charming and unobtrusive manner which was theirs, 
at a little gathering in London, presided over by Professor A. M. 
Portevin, had presented to him a precious token of their friendship 
and esteem. That was done privately, but he wished now to 
take the opportunity of thanking them publicly for it. He 
would also like to call to mind the German members, with whom 
he had always been on the very best of terms, and from whom 
he had received many manifestations of kindness. There were 
likewise numerous friends in Belgium, Italy, Sweden, Spain 
and Czechoslovakia in addition to the countries to which he had 
referred, just to mention those countries in which meetings had 
taken place during his period of office, and not forgetting those 
members overseas in the Dominions, in the United States of 
America, and in Japan. He had the most pleasant recollections 
of the many miles he had travelled by land and water in company 
with the President, Council and members of the Institute, and 
together they had tramped many a weary mile through in- 
numerable iron and steel works, and other establishments of a 
less strictly professional interest. 

He would like to thank all those concerned. The Iron and 
Steel Institute was a sort of League of Nations, and he wished 
to thank every one of its members for their kindness to him. 

He felt he must add a few words on the subject of the staff. 
No man was ever better served by a more loyal and devoted 
staff, both men and women, than he had been. He need mention 
no names; they were still with the Institute, and the members 
knew them all personally. Finally, there was one other person 
to whom he owed the greatest debt of gratitude, and that was 
his wife, who was beside him in the meeting now. She wished 
to join with him in thanking the members for the very great 
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kindness which they had shown him that day. Without her 
loving care and strict supervision he doubted whether it would 
have been possible for him to be there at all. 


The Lord Mayor of Manchester then left the meeting, and 
Lord Crawford vacated the Chair, which was taken by Sir Harold 
Carpenter, D.Sc., F.R.S., President of the Institute. 


FormMAL BUSINESS. 


The minutes of the previous meeting were taken as read and 
confirmed. 


Ballot for Election of New Members. 

Mr. H. W. Sowarp (London) and Mr. H. C. Woop (London) 
were appointed scrutineers of the ballot, and they subsequently 
reported that the following fifty-one candidates for membership 
and seven candidates for associateship had been duly elected : 


MEMBERS. 

ALBERT, WERNER, D.Ing. (Aachen), 

Dipl.-Ing. (Munich) ; : . Landore, S.O., 

Glamorganshire. 
Bautuay, MARCEL, Dr. Sc. ; . Paris, France. 
BEnBow, W. E. : London. 
BERESFORD-J ONES, Pavt,B. A. (Cantab. ) Chester. 
BroomeE, LEONARD REEVES : . Annan, Scotland. 
Buzon, VICENTE. : . Santander, Spain. 
CHAMEN, LAWRENCE HERBERT ; . London. 
Cuiane, T. K., M.Met. . . Tangku, N. China. 
CzOCHRALSKI, Professor Dr. h.c. J AN. Gane, Poland. 
Davison, VIVIAN WESTGARTH, B.Met.. Barrow-in-Furness. 
Decovux, ARTHUR . : ; . Marchienne-au-Pont, 
Belgium. 

Dosson, WILLIAM E. : 2 . London. 
EYERMANN, PETER . : . Wien, Austria. 
FELLOws, CHARLES Win : . Birmingham. 
FRANKIGNOUL, EDGARD . : . Liége, Belgium. 
GANDHI, NAGARDAS PURUSHOTTAM, 

M.A., B.Sc., A.R.S.M., D.I.C. . . Benares, India. 
GARNER, RayMonD Huvsert, B.Sc. 

(Eng.) (Lond.) ’ ; , . Leicester. 

GreaRy, WILLIAM. ‘ E . Middlesbrough. 
GERMEAU, EUGENE . : ; . Clabecq, Belgium. 
GERMEAU, HUBERT . : ; . Clabecq, Belgium. 
GoucH, HeErsBert JouN, M.B.E., 

F.R.S., D.Sc., Ph.D. . : . Teddington, Middlesex. 
GraNson, as :s : ; . Paris, France. 
Har, GEORGE ERNEST , London. 

Hatt, Horace Frank, B.Sc. (Eng. ) 

A.M.I.Mech.E. 7 * ; . London. 








ELECTION OF MEMBERS. 


HIGHTON, LANGTON . ; 
Hockey, Francis RIcHARD 
Hommes, E. P. 

Hoop, STaney R. . 
HovuGutTon, FRANK . ; 
JAMES, WILLIAM LAVENDOR 
JANSSON-FOLLIN, C. G. INGEMAR 
KEATING, FREDERICK HAMILTON 
LIBOTTE, CHARLES M. F. R. 


McCormick, JOHN THOMAS, M.Sc. 


(Melb.), D.A.C. (Melb.), A.A.C.T. 


Misutma, Professor TOKUSHICHI 
Moopy, CHRIS : : 
NeEuMANN, Dr. Ing. A. J. 


PARKER, Denys M. S. 
Rreip, RoBERT : 
RIcHARDS, JOHN S&S... 
RIMMER, JAMES ALBERT 
RocgvueET, PAuL 


Rowuann, Dr. Ing. WALTER 

SPITTALL, DouGLas . , 
STteERKY, G6sta Lupvia TEODOR 
SVETCHNIKOFF, Professor Bastu. 


THOMSON, ANDREW FULTON 
Waupricu, Dr. Ing. eh. OSKAR 
WauTHIER, LUCIEN . 


WricHT, Joun Tom 
Wricut, R. A. M. 


ASSOCIATES. 


FERRIS, [IRwin JAMES, B.Met.E. 


Whitehaven. 
Melbourne, Australia. 
London. 

Detroit, Mich., U.S.A. 
Sheffield. 

Maryport, Cumberland. 
Finspong, Sweden. 
Norton-on-Tees. 
Rodange, Luxemburg. 


Maribyrnong, Victoria, 
Australia. 

Tokyo, Japan. 

Middlesbrough. 

Oberschéneweide, 
Germany. 

London. 

Glenboig, Lanarkshire. 

Cleveland, Ohio, U.S.A. 

Manchester. 

Billancourt (Seine), 
France. 

Krefeld, Germany. 

Stourbridge. 

Fagersta, Sweden. 

Dnepropetrovsk, 
U.S.S.R. 

Market Harborough. 

Siegen, Germany. 

Flémalle-Haute, 
Belgium. 

West Hagley. 

Bellshill, Lanarkshire. 


Armadale, Victoria, 
Australia. 


Grae, C. C., B.Sc., A.R.S.M. . Oxford. 
LEE, Oscar RENE Jackson, B.Sc. 
(Tech.) . Stockport. 


PARKER, RONALD . ; : . Luton, Bedfordshire. 
Warp, STACEY GEORGE, Ph.D., M.Sc., 
D.i.C., A.R-CS. ; ; : 
WELLBURN, Epcar Rosert, B.A., 
B.Se. . Sheffield. 


Wi.uiams, THEoN Epwarp Howarp Scunthorpe, Lincolnshire. 


Scunthorpe, Lincolnshire. 


Members of Council Retiring in 1936. 


The SECRETARY, in accordance with Bye-Law 10, announced 
the following list of Members of Council due to retire in rotation 
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at the next Annual Meeting. Vice-Presidents: Mr. A. Hutchin- 
son; Mr. John Craig, C.B.E.; Mr. H. Spence Thomas. Members 
of Council: The Rt. Hon. the Earl of Dudley, M.C.; Captain 
R. 8. Hilton; Mr. I. F. L. Elliot; Mr. E. F. Law ; Dr. T. Swinden. 


Papers PRESENTED. 


The following papers were presented : 


“SrxtH REPoRT ON THE HETEROGENEITY OF STEEL INcors.” Being 
a Report by a Joint Committee of the Iron and Steel Institute 
and the British Iron and Steel Federation to the Iron and Steel 
Industrial Research Council. (Special Report No. 9.) 

“ WastE-HeEat Borers IN OPEN-HEARTH Practice.” Second Report 
of the Open-Hearth Committee, being a Committee of the Iron 
and Steel Industrial Research Council. (Special Report No. 10.) 

E. W. Fett: ‘ The Piobert Effect in Iron and Soft Steel.” 

E. T. Girt and R. GoopacreE: ‘‘ Some Aspects of the Fatigue Properties 
of Patented Steel Wires. II.—Note on the Effect of Low- 
Temperature Heat Treatment.” 

W. E. Goopricu: ‘‘ The Penetration of Molten White Metals into 
Stressed Steels.” 

R. H. Greaves: ‘“ The Properties of Some Low-Nickel Steels con- 
taining Manganese.” 

R. Grirritus: ‘ Subcutaneous Effects during the Scaling of Steel.” 

A. M. HerBert and F. C. Toompson: ‘“‘ The Use of the Hele-Shaw 
Apparatus in the Investigation of the Flow of Metals.” 

W. E. Hoare and B. Cuatmers: “ Examination of the Surface of 
Tinplate by an Optical Method.” 

C. H. M. Jenxins: ‘“ Behaviour of Mild Steel under Prolonged Stress 
at 300° C. Part II.—Experiments on Concentrated Stress in 
Notched and Drilled Specimens.” 

C. H. M. Jenkins and G. A. MEttor: “ Investigation of the Behaviour 
of Metals under Deformation at High Temperature. Part I.— 
Structural Changes in Mild Steel and Commercial Iron during 
Creep.” 

E. seen al and W. Biscuor: ‘“ The Distribution of Phosphorus 
between Metal and Slag in the Basic Process of Steel Manufacture.” 

A. M. Portevin and R. Castro: “ The Morphology of Inclusions in 
Siderurgical Products.” 


VoTEs OF THANKS. 


The PresipEnT (Sir Harold Carpenter, D.Sc., F.R.S.) proposed 
a hearty vote of thanks to: 
The Rt. Hon. the Lord Mayor of Manchester and th® 
City Authorities, who could be assured, he said, that the 
members would take away with them very happy memories 
of Manchester. 
The Principal and Council of the College of Technology, 
for permission to use the College for the meeting. 
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VOTES OF THANKS. 1] 


The Directors of the various works to which the members 
were making visits. 

Lord Crawford, Mr. James and the Reception Committee, 
who had made such admirable arrangements for the enter- 
tainment of their visitors, and especially to Mr. H. D. Lloyd, 
the Hon. Secretary, on whom the chief burden had fallen. 

No.words of his were necessary to commend the resolution 
to the meeting ; he felt sure it would be passed with acclamation. 


Professor Henry Lovtts, M.A., D.Sc. (Past-President), seconded 
the motion, which was carried with acclamation. 


Mr. W. R. Lysacut, C.B.E. (Past-President), proposed a 
very cordial vote of thanks to the President, Sir Harold Carpenter, 
who had, he said, conducted the meetings in his usual sympathetic 
and charming way. He hoped Sir Harold would not feel too 
tired when he went home again; at least he could say that the 
Institute had had a very successful meeting. 


The vote of thanks was carried with acclamation, and, the 
President having briefly acknowledged the compliment, the 
proceedings then terminated. 











THE DISTRIBUTION OF PHOSPHORUS 
BETWEEN METAL AND SLAG IN 
THE BASIC PROCESS OF STEEL 

MANUFACTURE.* 


By E. MAURER anp W. BISCHOF. 
(ScHoot or MINES, FREIBERG IN Saxony.) 


SYNOPSIS. 


First, a series of melts in the laboratory is studied with a view to 
determining the distribution of phosphorus between metal and slag in 
the presence of pure iron-phosphate slags, the effects due to silica and to 
temperature conditions being also examined. In the light of these 
results the authors go on to consider the occurrence of dephosphorisation 
in the actual process of steel making, drawing attention to the importance 
of changes in the manganese content of the steel and examining a great 
number of operating analyses. A composite diagram is built up whereby 
the distribution of phosphorus may be inferred from the lime and silica 
contents of the slag. Further sections of the paper deal with the depen- 
dence of dephosphorisation in the open-hearth process on temperature, 

* and with the influence of manganous oxide, magnesia and alumina. The 
paper closes with a summary. 


I.—Intrropuctory REMARKS CONCERNING PHOSPHORUS 
REACTIONS IN STEEL MAKING. 


The basie process of steel making, with its lime slag formation, 
offers a means of removing phosphorus from the charge and of 
obtaining a steel of low phosphorus content. It is not found, 
however, that complete freedom from phosphorus can be secured, 
as a certain minimum amount of this element always remains 
in the steel, according to the conditions of slag formation, temper- 
ature, and practical working which obtain, besides which it is 
not unusual to observe what is known as “ rephosphorisation ” 
or transference of some of the phosphorus from the slag back 
into the steel. It is clear, then, that the division of phosphorus 
between the slag and the steel in the processes of manufacture 
can be referred to certain laws of equilibrium ; in the laboratory 
various means have been worked out for proportioning the 
phosphorus accordingly, but hitherto the possibility of making 
a direct application of these researches in practice has been 
lacking. 

It will be the purpose of the present paper to attempt an 
interpretation of analyses derived from practical operation and 

* Received June 3, 1935. 
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to link them up with the experimental work described by the 
authors in an earlier paper,’ in an endeavour by this means to 
determine the respective influence of the steel and the slag com- 
ponents on the distribution of phosphorus in steel manufacture 
by the basic process, in a similar way to that followed in the 
research on the manganese reaction, or in that on the sulphur 
content in open-hearth furnace gases,* also by the present 
authors. ‘24,3 

Probably the phosphorus occurs in the steel as a phosphide 
of iron and manganese, for in view of its low boiling point it is 
impossible to maintain that it can be present to any appreciable 
extent as an element; were this the case complete dephosphori- 
sation of the steel by volatilisation of the phosphorus ought to 
be possible at those temperatures, in the region of 1,600°C., 
which attend the formation of steel. The high values of the heat 
of formation of both of the iron phosphides known at present— 
43 k.-cal. for Fe,P and 60 k.-cal. for Fe,P‘*’—offer further argu- 
ments against the existence of elementary “ free ” phosphorus 
in the molten steel. 

The oxidation of phosphorus in steel] and the transfer of the 
product of oxidation to the slag is apparently to be visualised 
as follows: The phosphide is oxidised by dissolved ferrous oxide 
to P,O,, and at the same time the phosphorus pentoxide which 
is being formed combines to give an iron phosphate. It would 
appear that phosphoric acid, with its high vapour pressure, is 
(like the phosphorus) not present in the free state to any appre- 
ciable extent. The oxidation of phosphorus in steel can then 
be represented by the following equation : 

2Fe,P + 8FeO = (FeO), P,0,+11Fe . . . .). (I) 


but this is not to be read as implying a definite phosphide or 
phosphate. The reaction has also been expressed as follows : 


2Fe,P + 5FeO = P,O, + 11 Fe av a 


it being assumed that further combination of the P,O, to form 
iron phosphate occurs at the surface of junction of the steel with 
the slag. But for the reasons given above it would appear 
incorrect to write : 
ee + 


It was found in the experimental research by W. Bischof and 
E. Maurer,’ mentioned above, to be impossible to formulate 
the law of the mass relationships in accordance with equation 
(1); moreover, a constant of equilibrium according to equation (3) 

*The authors take this opportunity of correcting an error in their former 
paper, ‘“‘ The behaviour of sulphur in open-hearth furnace gases,’’ Journal of the 
Iron and Steel Institute, 1934, No. I. wherein on p. 142 the ordinate in Fig. 8 
marked ‘‘ % " should read “ Grm. per cu. m.” 
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would increase with the concentration more rapidly than is 
implied by the simple ratio (P,O,)/P, although, from the equation 
above, the constant would be more likely to agree with the 
quotient (P,O,)/P?. This observation has been confirmed from 
another source.» but in the absence of any exact knowledge 
of the combinations arising in the reaction the arguments are 
irrelevant. H. Schackmann and W. Krings) have also put 
forward equation (3) as expressing the mass relationships, with 
P substituted for P*; in this way it is true that closer conformity 
to actual conditions is obtained, but the * ~:dation for equation 
(3) is quite inconsistent with the view taken vy Schackmann and 
Krings, whose argument makes the mass relationships entirely 
arbitrary. 

The mass law adopted by H.O. von Samson-Himmellstjerna,'”? 
agreeing with equation (1), likewise offers no advantage over the 
simple expression (P,O,)/P, apart from its practical utility being 
severely impaired by the high powers involved. 

It is evident, then, that in the presence of pure iron phosphate 
slag no attempts to control definite combinations of the reacting 
substances have resulted in any consistent results, even in the 
simplest reactions. With slags containing lime or silica the case 
is obviously still more difficult, and under practical conditions 
insoluble. 

The phosphate of iron formed in accordance with equation 
(1) passes into the slag, where, in the presence of lime, it is con- 
verted to a more or less stable phosphate of calcium. According 
to the form of the latter these reactions may be written: 


either, (FeO),P,0, + 3CaO = (CaO),;P,0, + 3FeO ; . (4a) 

or (FeO),P,0, + 4CaO = (CaO),P,0, + 3FeO  . , . (46) 
On combining these equations with (1) we obtain : 

2Fe,P + 5FeO + 3CaO = (Ca0),P,0, + 11Fe : . (5a) 
or, alternatively, 

2Fe,P + 5FeO + 4CaO = (Ca0),P,0,+ 1IFe . . . (66) 


The following mass relationship emerges: 


P* (FeO)* (CaO)? 
= K a 





(P,0,) 
the concentration of the phosphorus pentoxide being substituted 
for that of the calcium phosphate, and the concentration of 
phosphorus as the element itself for that of the Fe,P. This expres- 
sion of the mass law—somewhat altered by C. H. Herty'® and 
later by C. Schwarz, E. Schréder and G. Leiber on account of a 
different definition of (CaO)—is not consistent with the present 
authors’ earlier experimental work! (loc. cit. p. 419). H. 
Schenck‘* has attempted to reconcile expression (6) with actual 
conditions by the substitution of P for P* and by the introduction 








16 MAURER AND BISCHOF: DISTRIBUTION OF PHOSPHORUS 


of a correcting term; the result, however, is that the mass law 
loses all relationship with the reaction (5) postulated at the 
beginning. 

Moreover, it is impossible to refer to formula (6) as a law of 
mass action in the ordinary sense, since the lime occurring therein 
is actually present in one phase only. All that can be said is 
that the constants of mass relationship appropriate to a system 
having phosphorus-bearing iron for its metallic phase and phos- 
phorus-pentoxide-bearing iron oxide for its slag phase, formulated 
in accordance with reactions (1) to (3) above, are subject to change 
in the presence of lime or silica. 

The upshot of all this is as follows: It is certainly possible 
to attempt to express what happens in the phosphorus reactions 
by representing the experimental observations by an arbitrary 
formula which can be made to agree more or less with a postulated 
law of mass relationship ; but in the absence of exact knowledge 
as to the forms taken by the reacting substances the attempt 
only leads to further complication. 

In the present work, then, the law of mass relationship will 
be replaced by the simple ratio : 


Vp id (P,05)/P 


as already used for the first time by the authors in their earlier 
work,’ and an endeavour will be made to establish this quantity 
for the basic process of steel manufacture, account being taken 
of the composition of the slag and of the metal. 


II.—Mettinc EXPERIMENTS BY THE AUTHORS. 


A knowledge of the distribution of phosphorus between iron 
on the one hand, and phosphate slag (free from lime and silica) 
on the other, is fundamental to the study of phosphorus reactions 
in steel making. This being the case, a series of additional 
laboratory experiments were carried out to check the authors’ 
earlier work) in which doubt had been cast on the straight-line 
relationship of P and P,O, (for phosphorus contents up to about 
4 per cent.) claimed by Schackmann and Krings.‘ 

(a) Experimental Procedure.—The following were the materials 
used in the smelting experiments : 

(1) Iron phosphate (Kahlbaum) with 39-61 per cent. of 
Fe,0;, 19-63 per cent. of FeO, 24-61 per cent. of vi O, and 16-11 
per cent. of moisture. 

(2) Ferrous oxide (Merck) with 43-08 per | of FeO, 
54-61 per cent. of Fe,0;, and 1-89 per cent. ignition loss 
in vacuo. For the purpose of the experiments themselves the 
proportion of iron oxide is irrelevant, as iron oxide is not stable 
when melted in the presence of iron. 
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(3) Iron (ferrum reductum of Merck) with 0-2 per cent. of silicon. 

(4) Ferro-phosphorus (Riedel de Haen) with 25-83 per cent. 
of phosphorus, 69-25 per cent. of iron, 4:75 per cent. of silicon, 
and traces of carbon. 

(5) Silica (Kahlbaum). 

The melting was done in crucibles of hard-glazed beryllium 
oxide, known from previous experience to be very resistant to 
slag formation from ferrous oxide and phosphate of iron, especially 
in the presence of silica. 

The procedure followed in the experiments was very simple. 
The melting crucible, being relatively small, was surrounded 
by a tubular crucible of magnesia, preventing the access of furnace 
gases to the contents, and was placed in the Tammann furnace. 
The temperature was measured by optical means using a hot- 
wire pyrometer continuously checked against a thermocouple 
and adapted to be fixed almost directly below the bottom of 
the melting crucible ; in this way temperatures could be read 
accurately to 10° C. Heating to the temperature of the experiment 
took one hour and the subsequent rate of cooling down to 1,100° C. 
was about 120° per min.; previous experience had shown that 
in this way the conditions for proper melting would be fully 
controlled. 

A few observations arise regarding the chemical examination 
of the slag. In most cases the latter was found caked on the 
walls of the crucible, from which it had to be loosened mechanic- 
ally ; in so doing some beryllium oxide was apt to come away 
with it, but this, on dissolving, remained behind as residue and 
could be filtered off. For analysis the finely powdered slags 
were dissolved in concentrated hydrochloric acid and nitric acid, 
the determination of silica being then effected by repeated 
evaporation of the hydrochloric acid solution, filtering of the 
residue, and heating. Next, the solution was saturated with 
sulphuretted hydrogen gas, rendered ammoniacal and then 
filtered, in order to determine the iron. The filtrate was evaporated 
to determine the P,O,, the ammonium salts being volatilised off 
and the residue absorbed in nitric acid; the phosphoric acid 
was removed from the solution by ammonium molybdate and 
estimated in the usual way as magnesium pyrophosphate. Simi- 
larly, the phosphorus content of the metal was determined as 
magnesium pyrophosphate after dissolving in nitric acid. 

No special determination was made of the iron oxide, as the 
amount present in the cold slag submitted to analysis would not 
correspond with that in the molten condition ; instead, the total 
iron content was determined and was re-calculated as ferrous 
oxide, the latter being in all probability the only oxide of iron 
that would be stable in the presence of iron itself at the high 
temperatures obtaining in the experiment. 


1935—ii oO 
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(b) Experimental Results and Conclusions in Regard to Pure 
Iron Phosphate Slags.—Table I. contains a series of melts to which 
the addition was made of certain mixtures of pure iron powder 
with iron phosphate, or of ferro-phosphorus with iron and ferrous 
oxide. The melting period between 1,540° and 1,550° lasted up 
to 30 min. As appears from Fig. 1, the mean distribution of phos- 
phorus agrees with the condition V, = 3-55 for up to 6 per cent. 
of phosphorus in the iron, but above this 6 per cent. the proportion 
appears to fall off in conformity with the authors’ previous 
determinations, as shown by the lightly drawn curve. 


24 
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Fig. 1.—Distribution of phosphorus between iron and pure iron phosphate slags. 


It is not immediately possible to compare these results with 
the curve by Schackmann and Krings shown by the broken line. 
The analyses of these two authors reveal a marked degree of 
impurity in the slags due to the clay of the melting crucible, and 
their argument that these impurities are without effect is not 
confirmed by a later check. It is already known from the re- 
searches of G. Mars on practical Siemens-Martin melts and on 
electrical melts that dephosphorisation may be retarded by a 
high alumina content of the slag; the same would appear to be true 
of the melts carried out by Schackmann and Krings, for if the 
(P,0,)/P ratio at 1,525° or 1,450°, as calculated from their analyses, 
be related to the alumina content the result is as shown in Figs. 24 
and 2B, clearly revealing the influence of the alumina, and allowing 
the ratios 4-3 and 7-2 to be extrapolated for the case of slags 
free from alumina. 

Schackmann and Krings, further, carried out a number of 
melts with no appreciable alumina content or other impurities, 
the results of which, between 1,350° and 1,370°, are plotted on 
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the ordinates (P,O,) and P in Fig. 3, together with those obtained 
in the present work between 1,540° and 1,550° and with those 
from the present authors’ earlier work™ at about 1,500°. All 
three of these curves at first ascend in straight lines and then bend 
over as a higher phosphorus content in the iron is reached, tending 
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Fies. 2a and 28.—Distribution of phosphorus between iron and iron phosphate 
slags in relation to alumina content using the experimental results of 
Schackmann and Krings. 
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Fic. 3.—Distribution of phosphorus between iron and pure iron phosphate slag, 
and the effect of temperature thereon. 


towards a limit which is probably represented by the P,O, content 
of pure iron phosphate (FeO),;P,0;. Thus, when the amount 
of phosphorus present is high the ratio Vp falls off sharply, and 
the lower the temperature of the reaction the more pronounced 
is this effect. 
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Working from analyses of steel and slag in the Lancaster 
process, it had been shown by the authors”) that the rectilinear 
relationship between P,O, and phosphorus holds good even 
when very small quantities are present and in practical melting 
operations. 

With pure iron phosphate slags and low phosphorus contents, 
then, the ratio (P,O,)/P is related to the temperature according to 
Fig. 4. As the temperature rises the ratio decreases ; that is to 
say, dephosphorisation is retarded. 

(c) Experimental Results for Iron Phosphate Slags with Siliceous 
Additions.—The results shown in Table II. were obtained from 
a series of melting tests in which siliceous additions were made to 
the slag. The temperature of the experiments was from 1,500° 
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Fia. 4.—Effect of temperature on phosphorus distribution in the presence of 
pure iron phosphate slags. 


to 1,510°, and from 1,530° to 1,550°, and their duration 10 to 
20 min. The same proportionate distribution was obtained from 
both sides by using ferro-phosphorus and iron phosphate in the 
mix respectively. Fig. 5 again shows the variation of the ratio 
(P,0;)/P with the silica content, dephosphorisation being greatly 
reduced by the latter; thus with 30 per cent. SiO, at 1,545° the 
dephosphorisation is only one-fifth of that at zero SiO, content. 
It is worth noticing also that the eifect of a very high phosphorus 
content in the iron, as observed in the presence of pure iron 
phosphate slags, is not discernible as a further reduction of the 
ratio (P,O,;)/P in the case if the silica contents here used. 

The temperature relationship revealed by both the curves 
appears to be somewhat less marked for higher silica 
contents. 
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IJI.—DistrisvuTion or PHospHorRUS BETWEEN STEEL AND SLAG 
IN STEEL MAKING. 


In order to arrive at the laws governing the distribution of 
phosphorus in practical operation an investigation was undertaken 
(as already mentioned) on the same lines as those used for deter- 
mining the manganese reactions between the bath and the slag,'® 
which, according to the most recent publications, (loc. cit. p. 96, 
&c.) have been shown to lead to results of the highest accuracy 
and free from any objection. 

What follows is based on these assumptions: The ratio 
(P,0,)/P in steel making is assumed to tend to adjust itself always 
in the direction of equilibrium ; hence if samples are taken from 
the steel and the slag before and after a given interval of time 
the respective changes in the ratio (P,O,)/P will show the direction 
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Fig. 5.—Relation between phosphorus distribution and silica content of iron 
phosphate slags. 


in which equilibrium is to be sought. This, however, is on 
condition that no additions of ore, lime, &c., or metallic materials 
have been made in the interval; also that no very pronounced 
change has occurred meanwhile in the other components of the 
slag. 

Groups of analyses of this kind, susceptible of use in deter- 
mining the distribution of phosphorus, are available in the 
abundant numerical data of Maurer and Bischof,'®) while O. 
Scheiblich’s“” analyses relating to the Thomas process have 
also been drawn upon. It is necessary, however, in making use 
of such data to exclude all samples in which it is obvious that 
the phosphorus content has been determined only by rough 
approximation, and to take account only of those in which it 
has been accurately fixed to within one thousandth of one per 
cent. The mean temperature is again, as in Maurer and Bischof’s 
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work, taken as 1,600° C, corresponding to that which may be 
expected in the final period of the Siemens-Martin process ; 
the assumption, as advocated in another quarter,” of a higher 
mean temperature than this is not adopted, as the new point 
of view on which that advocacy is based has not been free from 
eriticism.* 

(a) Effect of Manganese on the Phosphorus Distribution— 
Maurer and Bischof (loc. cit. p. 148), having observed that the 
phosphorus content in steel had an appreciable influence on the 
manganese content, and this observation being later confirmed 
by H. Schenck’ (lsc. cit. p. 108) and O. Scheiblich,“” the proba- 
bility arises that the converse also is true and that manganese 
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Fic. 6.—Relation between manganese and phosphorus contents with slags of 
otherwise unaltered composition. 

influences the content of phosphorus. This would be explicable 
either on the assumption of a different mode of formation of the 
phosphides of iron and manganese, or on the supposition that 
they are both formed in the same way with different heats of 
formation. Schackmann and Krings mention briefly that 
manganese greatly strengthens the reducibility of P,O, from the 
slag, but give no melting tests or numerical proofs in support 
of their contention, and H. Schenck‘*® (loc. cit. p. 159), on the 
other hand, does not attribute to the manganese content of the 
steel any influence over the phosphorus distribution. If, however, 
it is actually the case that inanganese influences the phosphorus 

* See discussion on Schréder, "'?) pp. 881-884, and also on Schenck, ‘ pp. 14-15. 
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TaBLE [II.—Phosphorus Content of Steel in Relation to Manganese 













































































Content. 
) 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
| | 
— o Slag Analyses. 
No. 
P. Mn. Fe. Mn. CaO. | MgO. } SiO,. P,O; Al,O, 
°o 0 0 0 0 0 0 0 o/ 
40 °o ‘ 40 ° | ° 40 40 °o 
I.1 | 0:09 6-10 2 5°44 0°95 
2 | 0-08 6-00 3° 5°20 0-80 
3 | 0°08 7°80 3° 6°12 0-90 
4 | 0-09 6-60 3°6 5°30 0:80 
5 | 0-09 7°80 4:5 4-00 0°80 
6 {| O-ll 7°50 5° 5-04 0:90 
7 1 O-i) 7°50 5: 3°84 1-00 
8 6-1l 7°70 5° 4°28 0°82 
9 0-14 6-90 5° 4°06 0-89 
10 | 0-16 6°50 5: 6-14 0-72 
II. 0:°046 | 0°15 9°53 3° 7°02 19:97 “ 
2] 0-053 | 0°19 ft’ f E 3°9 7°72 | 20°88 
3 | 0-060 | 0-21 7°86 3° 6°27 | 21°85 a 
4 | 0-075 | 0°43 6°62 | 5:5 | 6-04 | 23-10 0-17 
5 | 0-086 | 0°46 6°05 5° 1°52 6°76 22-43 0:29 
6 | 0-112 0°48 6:00 5: 1-49 6°42 23°45 0-28 
7 0°172 0°57 7°49 4° : | 6°46 23°68 0-29 
| 
III. 1 | 0-014 | 0-069 | 18-06 4°15 37°45 | 9°83 | 19-48 1-84 2°25 
2 | 0-016 | 0°35 11°85 | 13°3 39°0 | 5:0 | 18-0 1°5 2-9 
§ 0-018 | 0°29 10°98 10°94 39°38 7°5 | 19°3 Se 3°2 
4 0-018 | 0°29 11-48 11-08 33-1 7°9 | 19°8 1-9 2:1 
5 0-020 0°31 11°45 10°38 33°38 7°6 19-0 1-8 2-0 
6 | 0:020 | 0°36 12-00 | 13-48 40°9 3°2 17°3 2-2 2°3 
7 | 0°020 | 0°36 10°23 | 10°69 42-0 4°2 19°8 2°4 3°0 
8 | 0-021 0°33 11°86 14°26 338-1 3:9 18-0 2°3 3:0 
9 | 0-02% 0°33 10-14 11°39 40°3 4-5 20°0 2:4 3°2 
10 | 0°025 | 0-42 11°46 10-00 40°4 4-7 19-2 2-2 2°7 
11 0:027 | 0°45 9°97 14°10 40°2 4°6 18-9 2:2 2-2 
IV. 1 | 0:006 | 0-074 17°39 3°57 44-1 6°90 15-24 1°37 ; 
2 | 0-007 | 0-069 16°35 3°22 44-4 7°16 15°30 1°5 ye 
3 | 0-010 | 0-34 13-23 | 11-09 43-0 3°5 15°6 2-0 2°6 
4 0-013 0:42 12°40 10°30 45°7 3°9 15-4 1-8 2°5 
5 | 0-015 | 0-51 10°11 12-94 43-1 5-4 15°77 2-0 raf 
6 0-018 0°50 9-91 12-70 43°4 6-3 | 15°7 1-9 2°7 
7 | 0-025 | 0°56 7°60 12°63 45°2 8-0 14°9 2°3 1-2 
8 0-032 0-59 81 12-78 43-1 7°8 15°8 2:6 1°5 








reactions, the fact cannot fail to emerge from 
numerical data mentioned above. 


a 


study of the 


Table III. contains several groups of analyses of the steel 
and slag in the Thomas and Siemens-Martin processes. Since 
the slag analyses show good agreement in relation to CaO, SiO, 
and P,O, between all the groups, the steel analyses ought (at 
any rate on the assumption of equal temperatures at the time of 
sampling) to show equal phosphorus contents; but instead of 
this being the case the relation of the phosphorus content to the 
manganese content is found to be that shown in the curves in 


Fig. 6. 





As manganese is added, the phosphorus in the steel! 
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increases—at first slowly and then, corresponding to the higher 
manganese contents, rapidly. In order to examine the effect of 
the slag components on the phosphorus distribution it is necessary, 
therefore, first to establish how much phosphorus would be 
present in the samples of steel when the mangancse content was 
nil regardless of the composition of the slag, and Fig. 7 has been 
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Fig. 7.—Diagram for determining the theoretical phosphorus content P, corres- 
ponding to Mn = 0 per cent. from the phosphorus and manganese contents 
found by analysis of the steel. 






plotted for this purpose by interpolation from Fig. 6. The phos- 
phorus corresponding to zero manganese in the steel when there 
is no change in the composition of the slag can be found by entering 
whichever curve corresponds to a known pair of values of the 
phosphorus and manganese contents (e.g., 0-038 per cent. phos- 
phorus and 0-4 per cent. manganese) and running down it to 0 
per cent. Mn (viz., 0-026 per cent. phosphorus). The phosphorus 
content found in this way will be denoted below by P, and the 
corresponding ratio (P,O;)/P, will be called VP,. 

(6) Effect of Lime and Silica on Phosphorus Distribution in 
Practical Steel Making.—Figs. 8 to 14 show the results of an 
examination of analyses from the Siemens-Martin process based 
on the numerical data of Maurer and Bischof.?) First P, was 
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determined, then Vp, in relation to the silica content of the 
slag within a narrow range of lime contents; the direction in 
which Vp, changes towards equilibrium as indicated by the 
analysis of a second sample is denoted by arrows. 
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Fic. 8.—Effect of silica on the phosphorus distribution with 25 to 30 per cent. 
CaO. 


In Fig. 8, by reason of the limited number and wide spacing 
of the measurements, the equilibrium corresponding to lime 
contents of 25 to 30 per cent. is not very certainly defined, and 
the same applies to lime contents of 30 to 35 per cent. in Fig. 9 ; 
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Fic. 9.—Effect of silica on the phosphorus distribution with 30 to 35 per cent. 
CaO. 


both of these cases have reference to samples containing under 
15 per cent. of magnesia. The pronounced increase in Vp, duc 
to lime is counteracted by silica. The points have been differently 
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marked according to the amount of magnesia in the samples ; 
it is not possible, however, to establish that magnesia influences 
the results except to the extent that in Fig. 9 three groups of 
samples containing over 7-5 per cent. of magnesia show a slight 
tendency towards higher values of VP». 

A larger number of samples were available with lime contents 
in excess of 35 per cent., enabling them to be classified under 
lime contents of 35 to 37-5 per cent., 37-5 to 40 per cent., &e., 
and here again the points have been differently marked according 
as the MgO content was under 5 per cent., from 5 to 7-5 per cent., 
or from 7-5 to 10 per cent. All the samples containing from 35 
to 37-5 per cent. of lime are entered in Fig. 10, in which the curve 
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Fia. 10.—Effect of silica on the phosphorus distribution with 35 to 37-5 per cent. 
aO 


of (P,0,)/P, plotted against the silica content is more definitely 
established ; it cannot be said that the scattering of the points 
is such that the arrows do not indicate the direction of the appro- 
priate curve. No consistent effect of magnesia up to 10 per cent. 
ean be discerned. 

Fig. 11 shows the condition with 37-5 to 40 per cent. of lime ; 
despite the large number of samples (52 analyses in all), the 
values are not much scattered in relation to the curve as drawn. 
The points without arrows refer to samples which showed no 
further change in the ratio (P,O,)/P, during the progress of the 
melting. No influence of magnesia up to 10 per cent. can be 
established. The reversal of the curve is a noticeable feature, 
perhaps attributable to a change from the orthosilicate of lime 
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Fre. 12.—Effect of silica on the phosphorus distribution with 40 to 42-5 per cent 
CaO. 
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(2CaO.SiO,) to the metasilicate (CaO.SiO,), the trace of the 
former being indicated by a broken line. Up to about 18 or 20 
per cent. of silica the ratio decreases very rapidly ; it then becomes 
flatter until the lime content is completely saturated by the 
silica as 2CaO.SiO,, after which it again steepens. 

Results for 40 to 42-5 per cent. of lime can be found from 
Fig. 12, in which the concentration of points enables the trend 
of the curve to be very accurately defined. Two groups of samples 
having over 3 per cent. of P,O; show good agreement with those 
having a normal content of less than 2-5 per cent. of phosphorus 
pentoxide. Here again no influence is detectable of magnesia 
up to 10 per cent. 

Fig. 13 shows the curve with lime contents of 42-5 to 45 per 
cent., to which the same remarks apply as to Fig. 12. Finally, 
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Fic. 13.—Effect of silica on the phosphorus distribution with 42-5 to 45 per cent. 
CaO. 


Fig. 14 gives the results for 45 to 50 per cent. in a curve which 
lies a little lower than that for lime under 45 per cent. ; dephos- 
phorisation, therefore, is again opposed by a high lime content. 

The subsequent curves, Figs. 15 to 18, are studies of samples 
containing very little silica, obtained chiefly from the Thomas 
process, together with a few from the pig-ore process carried out 
in the Siemens-Martin open-hearth furnace. As most of the 
samples were taken individually or are final ones from the Thomas 
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process, it is hardly possible in any one of them to establish the 
direction of the reaction ; hence the curves could not be fixed 
by convergence and it was necessary to plot for mean values 
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Fic. 14.—Distribution of phosphorus with slags containing 45 to 50 per cent. 
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Fig. 15.—Phosphorus distribution with low-silica slags containing 42-5 to 45 per 
cent. CaO. 


BETWEEN METAL AND SLAG IN BASIC PROCESS. 31 


covering a small range of silica contents and checked by the 
indications for higher silica contents in Figs. 8 to 14 above. In 
this process of averaging, the most scattered of the values have 
been left out of account. 
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Fia. 16.—Distribution of phosphorus with slags of low silica content arid containing 
45 to 47-5 per cent. CaO. 
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Fra. 17.—Distribution of phosphorus with slags of low silica content and containing 
47-5 to 50 per cent. CaO. 
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The division is once more into groups of 42-5 to 45 per cent., 
45 to 47-5 per cent., 47-5 to 50 per cent. and over 50 per cent. 
CaO. Here again the phosphorus content of the metal by reference 
to its manganese content has been recalculated in each case to 
the value it would have if the steel were free from manganese, 
and the ratio (P,0,)/P, plotted against the silica content. 

The maximum range of scattering of the few individual 
values which for no apparent reason deviate from the mean is 
of the order of + 15 per cent. and is probably to be attributed 
to the influence of temperature. If the temperature relations 
as found in Fig. 4 above for iron phosphate slags free from silica 
and lime were taken as a basis, the upper limit of the range of 
scattering would be about 1,610° and the lower about 1,575° C. 
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Fig. 18.—Distribution of phosphorus with slags of low silica content and containing 
50 to 55 per cent. CaO. 

In Figs. 15 to 17 the values are further classified according 
as the sample of steel in question contained less or more than 
0-07 per cent. of phosphorus ; values obtained in excess of this 
amount lie only a very little lower than those corresponding to 
a smaller content of phosphorus and are still within the range of 
scattering. As the high values of phosphorus extended to 0-16 
per cent. it may be said that, at least up to 0-10 per cent. phos- 
phorus, the ratio VP, may for practical purposes be assumed as 
invariable even with a high lime content in the slag. 

Fig. 19 is a composite diagram obtained by bringing together 
all the curves given in Figs. 8 to 18; with a view to clarity, 
however, the lime content instead of the silica content has been 
used for the abscissa. In this way the relation between (P,O,)/Po, 
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here written as (P,05)/Po,,..,. Or VPox.. and referring to the 
temperature of 1,600°C., and the lime content for each of 4 
serie$ of invariable silica contents is represented by a family of 
curves, enabling the effect on the distribution of phosphorus due 
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Via. 19.—Composite diagram of the distribution of phosphorus between steel 
and slag in the basic process (after allowing for the manganese content of the 
steel by means of Fig. 7). 


to any lime or silica present in the slag to be easily estimated 
either directly or by interpolation. Combining this with Fig. 7 
it is possible to find the phosphorus content of the steel corres- 
ponding to any given combination of phosphoric acid, lime and 
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silica in the slag and of manganese in the steel; for instance, 
if the slag contains 45 per cent. of CaO and 20 per cent. of SiO, 
it is seen in Fig. 19 (as marked by a circle) that (P,O,)/P, has 
the value 114, and if, for example, there is 3 per cent. of P,O, 
the amount of P, will be 3/114 = 0-026 per cent. If, further, the 
steel happens to contain 0-40 per cent. of manganese, the ordinate 
0-026 is to be sought in Fig. 7 and followed along the curve as far 
as the point corresponding to the named amount of manganese, 
where the actual phosphorus content of 0-038 per cent. may be 
read off. In a similar way P,O, can be found from P with known 
quantities of manganese, silica and lime. 

Calculations of the phosphorus content based on slag analyses 
and on the manganese content have been made, using the method 
described above, from a collection of analyses by H. Schenck'‘® 
(loc. cit. pp. 156-157) which were not used in compiling Fig. 19, 
and the results obtained are given in column 15 of Table IV., 
whilst column 16 contains the phosphorus contents as calculated 
by Schenck himself. The method of calculation used by the 
latter, based on extremely complicated thermodynamical formule, 
was the one which had hitherto come closest to actual conditions. 
A comparison of the values obtained by both methods of calcula- 
tion with those found from chemical analysis shows the following 
deviations (A authors and A Schenck. in columns 17 and 18 
respectively) : 


Mean Maximum 
deviation. deviation. 
Maurer and Bischof’s method . 0-007 percent. 0-027 per cent. 
Schenck’s method ; 4 . OD , 0-049 =, 


It is indisputable from these figures that the present graphical 
method is of very wide application and is preferable to purely 
numerical methods such as that of Schenck. The former also 
has the advantage of being immediately usable by the practical 
man in charge. 

(c) Temperature Conditions Affecting the Phosphorus Distribution 
in the Basic Process of Steel Manufacture——In the comparisons 
given above the influence of temperature has been ignored. A 
temperature effect, however, is present not only with pure iron 
phosphate slags but also with those containing lime or silica, 
and this is made more particularly apparent by the fact that the 
(P,0,)/P, ratio rises steeply for a high carbon content in the 
steel. To examine this matter all the analyses of steel and slag 
included in the collection by Maurer and Bischof,'® which has 
already been mentioned several times, were reviewed in the light 
of temperature data, those values of (P,0,)/P, which had been 
ascertained on the basis of the manganese and phosphorus 
contents of the steel and the phosphorus content of the slag 
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being divided by those obtained only on the theoretical basis 
of the lime and silica contents in Fig. 19. The respective ratios 
were then plotted against the temperatures in Fig. 20. Despite 
a fairly pronounced scattering of the points it is possible to 
perceive a consistent drop in the ratio VP, and its theoretical 
equivalent VPgteor. as the temperature rises; in other words, 
for equal phosphorus contents in two slags the phosphorus content 
in the steel is greater in the case of the slag which has the higher 
temperature—a fact already known qualitatively from practical 
experience of operating. This effect of temperature on the 
phosphorus distribution does not seem to depend much on the 
lime and silica contents of the slag, so far as can be inferred from 
Fig. 20 for silica contents of 15 to 25 per cent. and lime contents 
of 35 to 45 per cent. This is confirmed by the following consider- 
ations : 

Referring to Fig. 4, which gives the temperature effect on 
the phosphorus distribution in the presence of pure iron phosphate 
slag, at 1,600° C. the value of (P,0;)/P, is approximately 2 and 
at 1,550° approximately 3-6; hence the ratio VPy: VP :neor. = 
3:6:2= 1-8. Now plotting 1 at 1,600° and 1-8 at 1,550° we 
obtain the broken line in Fig. 20 which gives the temperature 
relationship of the phosphorus distribution for pure iron phosphate 
slag, and there can be no doubt as to the close agreement of this 
with results obtained from actual slags. If, then, temperature is 
to be taken into account, the curve in Fig. 20 will (at any rate pro- 
visionally) provide the method of doing so which most nearly 
corresponds with all the conditions obtaining in the basic open- 
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Fic. 20.—Relation of phosphorus distribution to temperature in the presence 
of basic Siemens-Martin slags compared with pure iron phosphate slage 
(broken line, from Fig. 4). 
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hearth process. For example, to ascertain the ratio of distribution 
at any given temperature with a given lime and silica content 
the (P,0,)/P, ratio is taken from Fig. 19 and is multiplied by 
the quotient appropriate to the temperature in question, as given 
in Fig. 20. 

Even for the slags poor in silica that occur in the Thomas 
process the assumption of 1,600° C. for the final temperature 
should be admissible, at least to a considerable extent, seeing 
that the temperatures here met with are sometimes put at 
1,575° C.23) and sometimes at 1,650° or more.“*) The temperature 
relationship given in Fig. 20 should therefore hold good for the 
Thomas process also. 

(d) Effect of Manganous Oxide in the Slag on the Distribution 
of Phosphorus.—In order to establish the effect of manganous 
oxide a procedure was followed similar to that used in checking 
the temperature relationship: The ratios (P,O;)/P, were deter- 
mined first on the basis of the manganese and phosphorus in 
the steel and of the phosphorus pentoxide in the slag (VP,), 
then on the theoretical basis of the lime and silica in the slag 
alone according to Fig. 19 (VPotieor.); the first result was 
divided by the second, and the quotient was plotted against 
the amount of manganous oxide present. Fig. 21 shows an 
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Fic. 21.—Effect of manganous oxide on the phosphorus distribution. 


example of this kind of check, having reference to slags containing 
35 to 40 per cent. of CaO. Here, as in the case of greater and 
smaller lime contents, no law of relationship could be determined— 
a result contrary to what was found true of the influence of the 
manganese content of the steel itself. It follows that neither the 
opinion of Schenck (loc. cit. p. 159) that dephosphorisation is 
promoted by the presence of manganous oxide nor that of Schack- 
mann and Krings‘) (loc. cit. p. 176) to the effect that reduction 
of phosphorus is aided by this agency is tenable. Probably 
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manganous oxide behaves towards phosphorus pentoxide exactly 
as does ferrous oxide in the matter of the formation of phosphates 
and in relation to the oxidation of the phosphorus in the steel. 
(e) Effect of Magnesia in the Slag on the Distribution of Phos- 
phorus.—The effect of magnesia was studied in the same way 
as that of manganous oxide. It has already been inferred from 
Figs. 8 to 14 that magnesia contents of up to 10 per cent. cause 
no change in the ratio (P,O;)/P,, and the checking of a large 
number of melts containing from 10 to 15 per cent. of magnesia 
showed no noticeable change even with these higher proportions. 
These statements, however, apply only for the range of slag 
formation that occurs in the basic open-hearth process, and it was 
not possible to find out the effect of magnesia in the low-silica 
slags of the Thomas process. Schackmann and Krings) found 
that the addition of magnesia to pure iron phosphate slags aided 
dephosphorisation in the same direction as lime. 
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(a) Curve derived from analyses of melts in basic electric and 
Siemens-Martin furnaces. 
(6) Comparative curve from Fig. 2s. 


Fia. 22.—Effect of alumina on the phosphorus distribution. 


(f) Effect of Alumina on the Distribution of Phosphorus.— 
According to the experimental melts made by Schackmann and 
Krings the effect of alumina is to cause a marked change in the 
ratio (P,0;)/P, in the same direction as silica, and the same 
unfavourable effect of alumina on dephosphorisation has been 
observed in the electric are furnace and in the Siemens- Martin 
furnace. The present authors’ earlier work?) included a series 
of steel and slag samples from these two types of furnace having 
high alumina contents. Now the proportions found in these 
samples, first by analysis and secondly from Fig. 19, give very 
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low quotients when divided by one another; in other words, 
the higher the alumina content in a slag of otherwise unaltered 
composition the greater will be the amount of phosphorus found 
in the steel. The low values of the quotients obtained from the 
electric process of steel manufacture cannot be attributed to 
peculiar conditions of temperature because the same observation 
is true of the Siemens-Martin process. 

The quotients are plotted against the alumina content in 
Fig. 22 for comparison, the samples from the electric are furnace 
giving results approximately in accordance with the full-line 
curve derived by adjustment of the (P,O,;)/P, ratio, taking account 
of the alumina. In order to allow comparison with the effect of 
alumina in pure iron phosphate slags the curve shown in Fig. 2B 
has been re-caleulated accordingly and has then been embodied 
in Fig. 22 as a broken line. 

The tendency of alumina (considered in relation to the amount 
present) is therefore to cause the same alteration of the ratio 
(P,O,)/P, for slags such as occur in steel manufacture as was 
found in the case of the experimental melts with pure iron 
phosphate slags. 


IV.—ConcLupING REMARKS. 


It is pertinent to enquire what aim is being pursued in the 
results that have been obtained, and in the work that has been 
done to date, in studying the reactions attending the manufacture 
of steel. 

Contributions to the literature of the subject") are 
already available which throw light on the influence of slag 
formation and slag composition upon the quality of the resulting 
steel. But the mechanism of that influence is not yet understood, 
nor is it known how far the oxides dissolved in the iron alter in 
composition and quantity according to the nature of the slag. 
In steelmaking, the aim must always be to secure slags of such a 
kind as will, so far as is possible, produce steel of the highest 
quality ; but deliberate control over slag formation must be 
preceded by knowledge of the principles on which it depends. 

This is an aim which, undoubtedly, has not yet been attained ; 
yet the foregoing contribution may be of some service in clearing 
the way to its attainment. 


V.—SumMMARY. 7 


By means of melting tests, the laws of the distribution of phos- 
phorus were established, first in outline and then in relation to 
the presence of pure iron phosphate slags, confirming the authors’ 
earlier conclusion that where the phosphorus contents of the 
iron and of the slag are low the distribution at any given tempera- 
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ture is invariable. Further, a certain temperature relationship 
was established. 

Additions of silica to the slag were found to cause a reduction 
of the ratio of distribution Vp = (P,O,)/P. 

Next; in order to study dephosphorisation in the process of 
steel manufacture, the effect of changing proportions of manganese 
in the steel was determined by curves and was shown to be 
important, an increase in the manganese while the composition 
of the slag remained constant resulting in an increase in the 
phosphorus content of the steel. 

The lime content being altered only by small steps, the ratio 
of distribution Vp, as governed by the amount of silica was 
determined by convergence. Jt was found that the values of 
VP, increased with increasing amounts of lime, and that the effect 
of the latter was diminished by the silica. A fundamental diagram 
was compiled enabling the phosphorus content of the steel to be 
theoretically determined for any given composition of slag and 
procedure in steel making. 

The temperature relationships of the slags occurring in 
practice were found to correspond completely with those estab- 
lished for pure iron phosphate slags. As the temperature rises 
dephosphorisation is rendered less effective—a fact already 
recognised qualitatively. 

Within the limits of the slags met with in operation, manganous 
oxide and magnesia are without effect on the distribution of 
phosphorus. Alumina has an unfavourable effect on the ratio 
of distribution, which is exercised in the same direction as is 
the case for pure iron phosphate slags. 
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THE PENETRATION OF MOLTEN WHITE 
METALS INTO STRESSED STEELS.* 
By W. E. GOODRICH, M.MEeEt. (SHEFFIELD). 

SYNOPSIS. 


An investigation was carried out to determine the resistance to inter- 
penetration of various types of steel, subjected to stress in the presence of 
molten white metals, with reference to temperature variations, rate of loading, 
chemical composition, tensile properties and microstructure. It was found 
that premature failure only occurred when the samples were stressed in tension 
in the presence of molten white metals, and that resistance to penetration 
decreased with rise in temperature and with slower rates of loading. 

Consideration of the test results on carbon, nickel, nickel-chromium, 
nickel-chromium-molybdenum and austenitic steels, tested at 250°C. and 
350° C., led to the conclusion that the static tensile properties were no absolute 
indication of the interpenetration-resistant properties. The addition of nickel 
up to 1-2 per cent., at least, to carbon steels was deleterious at both tem- 
peratures, whilst the addition of molybdenum to nickel-chromium steels 
appeared to confer no marked advantage. 

The microstructure of the material constituted the main factor influencing 
the resistance to interpenetration. With carbon and nickel steels, the presence 
of free ferrite was a distinct advantage at 250° C., particularly when in the 
form of a network, but at 350° C. increased amounts of free ferrite were of 
little benefit. With reference to nickel-chromium and _ nickel-chromium- 
molybdenum steels, the presence of intermingled ferrite was again advan- 
tageous at the lower temperature. At 350° C., however, there appeared to be 
an optimum amount of intermingled ferrite which was of advantage, the 
presence of ferrite in excess of that optimum quantity reducing the resistance 
of the alloy steels to interpenetration. One of the nickel-chromium steels, 
with a microstructure consisting of small-grained compact sorbite and a 
small amount of intermingled ferrite, showed remarkably good penetration- 
resistance at both temperatures. 

The effect of grain-size was very marked, small grain-size being beneficial, 
particularly at 250° C. 

Temper-brittleness appeared to have no effect on the resistance to inter- 
penetration. 





INTRODUCTION. 


Cases have been recorded in which localised failure of various 
classes of steel had taken place under stresses considerably lower 
than the maximum stress of the material as determined under 
normal testing conditions. Microexamination indicated the 
penetration of foreign molten metal, the presence of which was 
attributed to soldering or brazing operations or seized bearings. 

With such premature failures in mind, and in order to prevent 
or minimise their re-occurrence, it was considered desirable to 

* Received May 29, 1935. 
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investigate the effect of such variables as temperature, rate of 
application of load, white metals of differing chemical composition, 
tensile properties, and degree of temper-brittleness in the case of 
steels of widely, varying analysis and microstructure, and an 
attempt has been made in this paper to draw some conclusions 
regarding the effect of those variables on the resistance of steels 
to the penetration of molten white metals. 


DESCRIPTION OF APPARATUS AND PRELIMINARY EXPERIMENTS. 

For the purpose of these experiments, rectangular pieces of 
the various steels were prepared 3-25 in. long x 0-4 in. x 
0-3in. During the testing operations, each sample was supported, 
with the 0-3 in. face horizontal, between knife-edges 2-7 in. apart, 
a specially prepared ram terminating in a knife-edge being fitted 
into a hydraulic Brinell hardness testing machine, in place of the 
usual 10-mm. ball and holder, in such a manner that the applied 
load acted on the test-piece at a position midway between the 
bottom knife-edges. The test-piece under loading test was heated 
to the required temperature by two small electric furnaces 
supported by the piece itself and placed one on each side of the 
centre ram. The furnaces consisted of windings of nichrome wire 
on small nickel sheet formers, with interposed asbestos shect, the 
furnaces being lagged as much as permissible with asbestos cord 
impregnated with alundum cement. The test-pieces were all 
maintained at constant temperature during the testing operations, 
and the deflection of the piece for each applied load was measured, 
utilising an optical lever system with a magnification of 75 times. 
A photograph of the apparatus is shown in Fig. 12 (Plate I.). 
Samples of the various steels were tested at 250°C. and 350° C. 
without molten white metal present ; at 250°C. in the presence 
of a lead-tin solder; and at 350°C. in the presence of molten 
bearing metal. The analyses and thermal data of the white 


metals were as follows: 
Solder. Bearing Metal. 


Lead. : 5 : : ; - 37:0% 


Tin : : : 4 ; ; ; 63-0% 88-6% 
Antimony : : ; ; 5c 71-75% 
Copper : : ‘ ‘ : +. 3:58% 
Eutectic melting point . z ; : 182-5° C. 238-0° C. 
Upper freezing point . : : ' 182-5° C. 324-0° C. 


In order to determine whether the flux used had any effect on 
the penetration of the white metals, and to decide on the effects 
of compressive and tensile stresses, experiments were carried 
out on samples of steel under the following testing conditions : 

(1) Without solder, bearing metal or flux. 

(2) With “ Coraline ’ soldering paste but no white metal. 

(3) With flux and an appreciable amount of lead-tin solder on the upper 

surface; temperature 250° C. 
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(4) With flux and lead-tin solder on the wnder surface ; temperature 250° C. 
(5) With flux and bearing metal on the upper surface ; temperature 350° C. 
(6) With flux and bearing metal on the under surface ; temperature 350° C. 


From those tests it was concluded that, up to the maximum 
load withstood by the specimens (defined as that load at which 
the deflection of the samples was so pronounced that even 
rapid pumping failed to effect a load increase), all samples without 
molten metal in contact with the face under tension behaved in a 
similar manner and remained unbroken, and that the presence of 
flux or molten metal on the surface subjected to compressive 
stresses had no effect on the strength of the sections under test. 
The presence of molten white metal in conjunction with stresses 
in tension, however, in every case caused fracture at loads 
appreciably less than those applied to the uncoated samples. 
Later experiments indicated that the effect of molten solder was 
exactly similar to the effect of molten bearing metal at 350° C. 

teferring to Fig. 15 (Plate I1.), sample 1 shows the amount of 
deflection applied to a 1 per cent. nickel steel (Mark D/), un- 
soldered, and tested at 250° C., no sign of cracking being discern- 
ible. Samples 2 to 6 inclusive, show the fractures typical of the 
same steel tested under similar conditions but with the application 
of molten solder to the surface subjected to tensile stress. Sample 7 
is a photograph of a test-piece of low-carbon steel, showing that 
much greater deflection was obtained before fracture occurred. 
The molten metal is clearly discernible, in most cases, to the 
extremity of the fracture. 

Figs. 16 and 17 (Plate III.) show the typical structures of an 
oil-hardened and tempered carbon steel (CA) and a_nickel- 
chromium-molybdenum steel (VX), respectively, when etched in 
alcoholic nitric acid. From Fig. 16 it is apparent that in the case 
of the carbon steel, the molten white metal traversed paths at the 
junction of ferritic and sorbitic areas, although there are isolated 
instances where the molten metal had crossed sorbitic areas. 
Fig. 17 indicates quite clearly that the molten metal followed the 
outline of the polygonal grain boundaries. These examples are 
typical illustrations of the manner of penetration in steels of 
microstructures similar to CA and VX, respectively, whether 
tested under stress at 250° C. or 350° C. 

Experiments were necessary, before commencing the investiga- 
tion on various steels, to determine what effects were to be expected 
with different rates of application of stress. 

Four different types of steels were chosen, viz. : 

CA, a typical oil-hardened and tempered carbon axle steel. 

DI, a typical oil-hardened and tempered 1 per cent. nickel steel. 

TR, an oil-hardened and tempered nickel-chromium-molybdenum steel, com- 

posed of extremely large grains of acicular sorbite with intermingled ferrite. 

VX, an oil-hardened and tempered nickel-chromium-molybdenum steel, 

composed of small grains of loose sorbite and intermingled ferrite. 
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Samples prepared from these stecls were tested at 250° C., both 
with and without molten solder present, using a varicty of loading 
rates, the load being increased by 50-kg. increments, and each 


increment maintained for the desired time interval. The rate of 


loading for each 50-kg. increase was kept constant throughout all 
individual tests. It was found that under the lower loads, for any 
one test-piece, the deflection at the end of the specified time 
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Fic. 1.—Effect of Rate of Loading on Yield and Maximum Loads. ‘Tested a. 
250° C. (solder present). 


interval was the same as that at the commencement of that 
interval. In every case, however, a load was eventually reached 
at which the deflection at the end of the interval was slightly in 
excess of the deflection noted at the first application of that load ; 
in other words, the test-piece had ‘“ sagged ”’ slightly under 
constant load during that interval. The load at which this slight 
sagging was first discernible is referred to throughout this paper 
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as the “ yield load,’ and, when calculated according to the usual 
formula for bending stresses under this system, the yield load was 
found to be almost identical with the yield point obtained in the 
ordinary static tensile test. The effect of variations in the rate 
of loading on the yield load, maximum load and deflection at 
fracture on samples tested at 250°C. is shown graphically in 
Figs. 1 and 3. From Fig. 1 it is evident that there was a gradual 
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Fic. 2.—Effect of Temperature on Yield and Maximum Loads. Rate of Loadin + 
50 kg. per min. (solder present). 


decrease in the yield and maximum loads in all cases, the decrease 
being more pronounced for rates of 1 min. or less per 50-kg. load 
increments and then more gradual as the time for each load 
increment was increased. 

Soldered test-pieces from each of the three steels DJ, TR and 
VX showed that with a rate of loading of 2 min. per 50-kg. 
increment the pieces broke at loads of 725, 865 and 1,100 kg., 
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respectively. Samples of the three steels were then loaded up to 
loads considerably less than the figures indicated above, with the 
following results : 





Sample. Testing Temp. Load. Broke in— 
DI 250° C. 675 kg. 10 hr. 
TR 250° C. ROO ..-;, 7°35 ,, 
vx 250° C. 1000 ,, 6-5 ,, 

TR 
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Fia. 3.—Effect of Rate of Loading on Maximum Deflection before Fracture. 
Tested at 250° C. (solder present). 


It is evident from these tests that figures obtained on subsequent 
tests, under fixed conditions of temperature and rate of loading, 
should bnly be taken as comparative and not as definite indications 
of the stresses which could be applied with safety to any particular 
steel in service. 

A much more important effect due to variations in rate of 
loading, however, is shown in Fig. 3. In this graph the maximum 
deflection at the time of fracture has been plotted against the rate 
of loading, and the comparatively small deflection of the 1 per 
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Fic. 12.—-The Apparatus. 
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Fic, 13.—Austenitic Steel W. Very coarse Fic. 14.—Austenitic Steel WA. Much smaller 
grains of austenite. P50. wstenitic grains than steel W. 250. 
Micrographs reduced two-thirds linear in reproduction), Goodrich. 
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Fic. 16.—Carbon Steel CA. Penetration of Fic. 17.—Ni-Cr-Mo Steel VX. Penetration 
molten metal at junctions of ferritic and of molten metal round the grain 
sorbitic areas. ™ 250. boundaries. x 250. 
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Fic. 20.—1-2% NiSteel D. Ferrite as network Fic. 21.—1+:2% Ni Steel D/. Irregular and 
round sorovitic grains. Less free ferrite more missive ferrite than steel D. Less 
than steel A. x 250. free ferrite than stee AJ. X 250. 


(Micrographs reduced to two-thirds linear in reproduction.) (Goodrich, 
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Fic. 22.—Ni-Cr Steel G. Coarse grains of loose 
sorbite and intermingled ferrite. x 250. 
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Fie. 24.—Ni-Cr Steel J. Small grains of loose 
sorbite and intermingled ferrite. x 250. 








Fic. 26.—Ni-Cr Steel L. Coarse grains of 
sorbite. Less intermingled ferrite than 
steel K. x 250. 


(Micrographs reduced to two-thirds linear in reproduction.) 


PuateE IV. 





Fic. 23.—Ni-Cr Steel H. Structure similar 
to steel G, but larger grain-size. 250. 





Fic. 25.—Ni-Cr Steel K. Coarse grains of 
fairly loose sorbite and _ intermingled 
ferrite. x 250. 
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Fic. 27.—Ni-Cr Steel M. Fine-grained struc- 
ture of compact sorbite. Smaller amount 
of intermingled ferrite than steel 
x 250. 


(Goodrich. 













Pare V. 


ad. x, 
% 
Ne ME 





F1G. 28.—Ni-Cr—Mo Steel SB. Coarse grains Fre. 20.—Ni-Cr-Mo Steel SM. Coarse 
of loose sorbite and intermingled ferrite grains of sorbite with less intermingled 
< 250. ferrite than steel SB. 250 
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F1G. 30.—Ni-Cr-Mo Steel UB. Small sorbitic Fic. 31.—Ni-Cr-Mo Steel UM. Small grains 
grains with intermingled ferrite. * 250. of sorbite with more intermingled ferrite 


than steel UB. 250. 
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Fic, 32.—Ni-Cr-Mo Steel RB. Annealed Fic. 33.—Ni-Cr—Mo Stee! TR. Very coarse 
structure, consisting of loose sorbite and sorbitic grains with intermingled ferrite. 
massive free ferrite. <x 250. Very pronounced = grain boundaries. 
< 250. 


(Micrographs reduced to two-thirds linear in reproduction.) Goodrich. 
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cent. nickel steel (DJ) is very apparent. The evidence shows, 
first, that the more quickly the load increments were applied the 
greater was the maximum permissible deflection ; and, secondly, 
that the decrease in permissible deflection without fracture was 
more rapid in the case of the alloy steels TR and VX than with 
the carbon steel CA. The amount of deflection permissible 
before fracture occurs is of considerable importance, since in 
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Fie. 4.—Effect of Temperature on Maximum Deflection before Fracture. Rate 
of loading, 50 kg. per min. (solder present). 


steels of corresponding maximum stress, the greater that deflection 
the greater is the area enclosed by the load-strain curve and hence 
the energy required to cause fracture. Also, in those cases where 
the material can flow plastically to an appreciable extent, there 
is less possibility of localised stresses increasing to such a magni- 
tude that failure due to penetration might occur. 

A preliminary investigation was also conducted to determine 
the effect of the testing temperature with constant rate of loading, 
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on soldered samples, the results being shown graphically in 
Figs. 2 and 4. From Fig. 2 it is apparent that the yield and 
maximum loads of the steels decreased as the temperature of 
testing increased, whilst Fig. 4 shows the correlation of temperature 
and deflection in the four steels, the very marked effect of 
temperature change being noticeable. 

As a result of the evidence brought out by these preliminary 
tests, it was decided that the following general testing procedure 
should be adhered to for comparative tests on the various types 
and conditions of steel] under investigation : 

(a) Temperatures of testing: (i) 250° C. with and without solder. 

(ii) 350° C. with and without bearing metal. 

(6) Rate of Loading: 1 min. per 50-kg. increment. 

(c) Yield load, maximum load, maximum deflection and time to fracture to 

be measured. 

(d) Load-deflection curves to be plotted to a common scale, and the area 

enclosed by the curves to be measured by a planimeter. These areas 
are recorded in the tables under the heading of ‘‘ Curve Area.” 


All subsequent tests were carried out in duplicate, and it 
was found that repeat experiments agreed almost exactly. 


Part I.-—Resutts or TEsts ON CARBON AND NICKEL STEELS. 


The steels tested in this section consisted of plain carbon 
steels, with a carbon content ranging from 0-21 to 0-40 per cent. 
and containing less than 0-16 per cent. of nickel; and a series 
of nickel steels, those marked A and AZ having 0-26 per cent. 
of carbon and 0-43 per cent. of nickel, whilst steels C, D, and DI 
had approximately 0-55 per cent. of carbon and 1-10 per cent. 
of nickel. All the steels had about the same manganese content 
and grain-size, but, owing to variations in the heat treatments 
applied, the micro-constituents and mechanical properties varied 
among the respective steels. Photomicrographs of some of the 
steels are given in Figs. 16 to 21 (Plate III.), whilst the analyses 
and ultimate tensile strengths are recorded in Tables [. and II. 
The results of the penetration tests at 250° C. and 350° C. are 
tabulated in Tables III. and [V., and the effects of variation in the 
amount of free ferrite are indicated graphically in Figs. 5 
to 7. It should be emphasised, however, that in the graphs 
portraying the influence of free ferrite, whether present as a 
grain boundary network or intermingled with sorbite or pearlite, 
no attempt has been made to give an accurate quantitative 
representation. Each graph should be regarded as a manifesta- 
tion of the effect of ferrite rather than as a quantitative survey. 

In discussing the results shown in the above-mentioned tables 
and throughout the paper, reference is made to soldered samples 
only, the unsoldered samples being used chiefly in the determina- 
tion of the ultimate stress ratio (see footnote, Table IIT.). 
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TABLE I.—Carbon Steels. 

















Analysis 
Maximum Tensile Stress. 
Symbol Tons per sq. in. 
C. % Mn. %/| Ni. % Cr. % 
B 0-395 as 0-01 | O-14 47-0 
CA 0-25 | 0-59 0-10 | 0-03 | 33-8 
E 0-21 | 0-50 | 0-09 | 0-03 | 28-8 
F 0-23 0-56 | 0-15 | 0-06 | 30-6 
FQ 0-23 0:56 | 0-15 | 0-06 | 47-5 
| 
| 








TABLE II.— Nickel Steels. 















































Analysis 
Symbol ee Maximum Le nile Stress 
1 | fons per sq. in | 
Cc. % Mn. %o Ni. % Cr. % | 
” ica a aie Prneerene eel GENE e nee e a 
A | 0-26 0:65 | 0-43 0-06 38-0 
Al | 0-26 0-65 | 0°43 0-06 39-2 
C 0-53 0-63 1-00 0-06 45-8 
D 0-57 | 0-55 1-20 Ade 62-4 
[ wl | 0-57 0-55 1-20 i, 53-4 
TaBie III.--Curbon Sleels. 
Testing Temperature, 250° C 
Ultimate Deflection Yield Max. 
Symbol Curve | Stress Ratio to Fracture | Load. Load. 
| Area. o% | In Kg. Kg. 
| he ae ae | | 
B 6°45 0° 1850 360 | 950 
| CA | 11-41 0-3950 260 750 
| £E 9-43 0°3650 175 700 
F 9-84 | 0-4000 175 700 
| FQ ; uel | 0-3175 350 900 
} | 
| Testing Temperature, 350° ¢ 
| -— i SS 
| | | Ultimate Deflection, | Yield | Max. 
Symbol Curve | Stress Ratio. to Fracture | Load | Load. 
Area. | % In | Kg. | Kg. 
a | 
B 4°55 | 80-0 0-1675 300 | 700 
CA 3°69 | 80-0 | 0-2875 | 250 | 500 
E 2-40 77°59 | 0-1550 | 170 | 450 
F 2-18 75-0 | 0-1425 170 450 
| FQ 4:10 | 76°47 | 0-1700 | 250 | 650 
| | | 





Max. Load with White Metal present 
Max. Load with White Metal absent 


100 





Ultimate Stress Ratio — 
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GOODRICH : 


(A) Effect of Free Ferrite. 
The results at 250° C. on the quenched and tempered carbon 
steels B, FQ, and CA, arranged in order of increasing ferrite, 


THE PENETRATION OF MOLTEN 


TaBLE IV.— Nickel Steels. 


















































| 
| Testing Temperature, 250° C 
| Ultimate Deflection Yield Max. 
Symbol. Curve | Stress Ratio. to Fracture Load Load. 
Area % In. Kg Kg. 
| (<a 
A 7°30 89°5 02320 285 850 
Al 6°65 | 79:0 0-2350 285 750 
Cc 1-97 66°7 00-0755 290 700 
D 3°76 83-3 0-1100 400 | 1000 
DI 2°37 70°5 0:-0875 350 | 775 
| 
Testing Temperature, 350° C. 
| 
| Ultimate Deflection | Yield Max. 
Symbol. | Curve Stress Ratio to Fracture. Load. Load 
Area. 7 In. Kg. Kg. 
A 1°85 68-8 0-085 250 
Al 2°36 71-0 0°1125 250 | 
Cc } 1°30 64°7 0-0650 200 
| b 2°13 | 73°7 0-0800 300 | 
| DI | 2°6 | 75°6 0°1125 250 
| 
TESTED AT 250% i. 
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Fic. 5.—Effect of Free Ferrite on Ultimate Stress Ratio. 
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show that increasing amounts of free ferrite were accompanied 
by an increase in the ultimate stress ratio, maximum deflection 
and area enclosed by the load-deflection curve. The tests con- 
ducted at 350° C., however, show that there was no appreciable 
benefit to be derived from increasing amounts of free ferrite. 
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Fie. 6.—Effect of Free Ferrite on Load-Deflection Curve Area. 
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Fic. 7.—Effect of Free Ferrite on Deflection to Fracture. 
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Although an increase of deflection was obtained on steel CA 
the curve area was least for that material. Comparing the oil- 
hardened and tempered nickel-stee] samples A with D, and A] 
with DI, it is apparent that when tested at 250° C. test-pieces 
A and AI, having more free ferrite present, showed an appreciable 
increase in the ultimate stress ratio, maximum deflection and 
area enclosed by the respective curves. Also, comparing A with 
AI and D with DI at 250° C., samples having the free ferrite 
in the form of a network (Plate III.) showed a pronounced 
increase in those properties. Figs. 5, 6 and 7 indicate that when 
tested at 350° C., the resistance of the four steels to interpenetra 
tion was in the reverse order of their free ferrite contents. Contrary 
to the conclusion drawn in the tests at 250° C., at 350° C there seemed 
to be no advantage in having the free ferrite in the form of a network 
(Plate III.). Comparing C (normalised) with DJ, and F 
(normalised) with FQ and CA, the free ferrite in the hardened 
and tempered samples DJ, FQ, and CA, although less in quantity 
than in the corresponding normalised specimens, was not in 
such large angular masses, however, being in more or less con- 
tinuous membranes. The advantage at 250° C. of this latter 
formation of the ferrite is shown by the values for the respective 
curve areas recorded in Tables III. and IV. The evidence 
appears to show, therefore, that both in the carbon steels and the 
nickel steels at 250° C. and 350° C., a normalised structure is 
less resistant to interpenetration than a hardened and tempered 
structure. 


(B) Effect of Variations in Mechanical Properties. 


Comparison of the figures for the yield point, percentage 
elongation and percentage reduction of area indicates conclusively 
that there was no definite relationship between those properties 
and the resistance of the steels to penetration, either at 250° C. 
or at 350° C. The tensile maximum stress, considered alone, 
did not bear a definite relationship to any of the interpenetration- 
resisting properties. The results obtained on samples A and 
Al, of practically the same maximum stress, and also on B and 
FQ, tested at 250° C., are examples of possible variations in this 
respect, whilst steel D, having a much greater tensile maximum 
stress than DI, gave results at 350° C. intimating that DJ was 
more resistant to penetration than D. Similarly, steel B had 
a slightly lower maximum stress than FQ (Table IF.), but the 
penetration tests at 350° C. indicated that the ultimate stress 
ratio and the curve area were greater for that steel than for 
FQ. It is possible, however, that if any one steel were heat- 
treated to varying tonnages, keeping the amount and formation 
of the ferrite as constant as possible, the tensile maximum stress 
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would give an indication of the resistance of the steel to the 
interpenetration of molten white metals. 

From the foregoing test results, both at 250° C. and at 350° C., 
it is evident that the presence of nickel, even in small quantities 
considerably reduced the resistance of the stecl to interpenetration 
in comparison with plain carbon steel. 


Part I].—Resutts or Tests oN NicKeEL-CHROMIUM STEELS. 

The samples tested in this section of the investigation were 
machined from oil-hardened and tempered steels, in which the 
nickel content varied between the limits of 3-41 and 3-71 per 
cent. There was, however, a wide variation in the carbon and 
chromium contents, grain-size and quantity of free ferrite. The 
analyses and ultimate tensile strengths of the steels are recorded 
in Table V., and the results of the penetration tests are given 
in Table VI., whilst photomicrographs indicative of the structures 
of some of the samples are reproduced in Figs. 22 to 27 (Plate LV.). 


TABLE V.—Nickel-Chromium Steels. 





Analysis. 
| wa ia lee ceca ate ear = = Maximum Tensile Stress. 
| Symbol. | | - | | Tons per sq. in. | 
Cc. % | Mn. % Ni. % Cr % | 
psn (pion coven preag! rg narONeEE | 
| DBW | 0-375 | 0:46 3-41 0:22 | 52-6 
G | 0-20 | 0-29 | 3-58 | 0-53 48-6 
| #H | 0-20 | 0-29 | 3-58 | 0-53 48-6 
| J | 0-12 - 3-64 | 1-11 50-3 
| K | 0-26 0-41 | 3-43 | 0-co | 50-4 | 
ae: | 0-29 3-54 | 0-54 | 56-45 
| M | 0-285 3-71 0°: . | 
| | 





(A) Effect of Intermingled Ferrite. 

Comparison of the figures given in Table V1. for large grain- 
size samples J and K, and small grain-size samples DBW, M, 
and J, each series being arranged in order of increasing amounts 
of free ferrite, indicates that with more intermingled ferrite 
present, the greater was the ultimate stress ratio, maximum 
permissible deflection and curve area, when tested at 250° C. 
The increase in the deflection and curve.area was particularly 
pronounced in the small-grained samples, but, contrary, to the 
conclusions drawn when considering the carbon and nickel steels, 
the results obtained on steel DBW infer that the presence of 
ferrite in the form of membranes was not an advantage in oil- 
hardened and tempered nickel-chromium steels. The test 
figures at 350° C., given in Table VI., and depicted in Figs. 5 to 7, 
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show that for the large grain-size samples Z and K, both the 
deflection and curve area were higher in the case of the steel L. 
The low deflections and curve areas obtained on steels K and G@ 
indicate the possibility that when stressed at 350° C. in the 
presence of molten metal, there is an optimum amount of inter- 
mingled ferrite which will have a beneficial effect, and that the 
presence of more intermingled ferrite than this amount is 
deleterious. 

Dealing next with the test results at 350° C. on the small- 
grained samples DBW, M and J, it is apparent that the sample 


TABLE VI.—Nickel-Chromium Steels. 




















| Testing Temperature, 250° C. | 
! 
es | 
| | | | 
Symbol. | | Ultimate | Deflection Yield | Max. | 
Curve | Stress Ratio. | to Fracture. | Load. | Load. | 
Area 0 , m. | Kg. | Kg 
Bitke<> | a =. a ee | | aM ae 
DBW 5-42 90-9 0-1475 500 1000 
G | 5°90 90°7 0°1575 400 | 975 
H 4-02 87-0 } 0°1125 400 935 
J | 22°18 97-2 | 0-5050 500 | 1020 | 
K 14-09 92-2 0°3550 600 | 950 | 
L | 6°65 j 90 -( | 0:°1615 | 600 | 1080 | 
M | 13-95 | 92-8 0-3200 600 =| = 1090 
| 
| 
| Testing Temperature, 350° C. } 
} 
[ei oe SR ) atta aaa 
Symbol. | | Ultimate | Deflection Yield | Max 
Curve | Stress Ratio. | to Fracture. | Load. | Load 
Area. | % In. Kg. g 
| 
| | | 
DBW | 4°17 | 80-6 0°1475 | 365 725 
G | 3°22 78-4 0°1125 350 725 
H | 3°15 75°7 | 0°1125 350 700 
J 2°06 86°8 | 0-0700 | 450 825 
K 0-7 79-0 0-0350 | 475 750 
L 6-91 | 76-8 0+ 2250 | 475 | 730 
M 16°18 | 88-9 0-4950 | 475 800 
! 











DBW again showed the lowest ultimate stress ratio, and also 
a comparatively low maximum deflection. Sample M, having 
an intermediate amount of intermingled ferrite, gave the best 
results for the ultimate stress ratio, deflection and curve area, 
the latter, in fact, being greater than the area cnclosed by the 
load-deflection curve obtained when testing that particular 
steel at 250° C. Increasing the amount of intermingled ferrite, 
however, resulted in a very marked fall in the ultimate stress 
ratio, deflection and curve area, as shown by the values obtained 
on sample J. It is evident, therefore, that at 350° C., although 
a small amount of intermingled ferrite was beneficial when 
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coupled with small grain-size, no appreciable benefit was derived 
from its presence when in conjunction with a large-grained 
microstructure ; also, amounts of intermingled ferrite above a 
certain optimum quantity distinctly reduced the resistance of 
the steel to interpenetration, irrespective of the grain-size. 
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Fic. 9.-——Effect of Grain-Size on Load-Deflection Curve Area, 
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(B) Effect of Grain-Size. 

Comparison of the test results obtained for steels G and H, 
and also for stecls M and L, the first in each pair having an 
appreciably smaller grain-size (Plate IV.), shows that, in steels 
otherwise very similar, a large grain-size resulted in an appreciable 
reduction in the resistance to interpenetration, Figs. 8 to 10 
giving ample corroboration of that conclusion. The beneficial 
results obtained by a combination of small grain-size and fine 
sorbite with a small amount of intermingled ferrite, are illustrated 
by reference to the test values obtained on steel M. The effects 
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Fie. 10.—Effect of Grain-Size on Deflection to Fracture. 


of grain-size were similar at 350° C. to those indicated for the 
respective steels when tested at 250° C., but were less marked at 
the higher temperature. The position of steel J in Figs. 9 and 
10 (350° C. tests), with reference to the larger-grained steels G 
and H, constitutes the only exception, and the relatively low 
values obtained on the former steel at this temperature are 
attributed to the possibility that the deleterious influence of the 
large amount of free ferrite had more than nullified the beneficial 
effects of the small grain-size. ‘ 


Part III.—ReEsvutts or Tests on NICKEL-CHROMIUM- 
MOLYBDENUM STEELS AND AN AUSTENITIC STEEL. 


The analyses and ultimate tensile strengths of the respective 
steels are given in Table VII., whilst in Table VIII. the results 
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of the penetration tests are recorded. All samples were oil- 
quenched and tempered, except steels RM and RB which were 
annealed, V and V Mo which were air-hardened and tempered, 
W which was tested in the as-forged condition, and WA which 
was water-quenched. 


TaBLe VII.-—-Nickel-Chromium- Molybdenum and Austenitic Steels. 





Analysis 
Symbol eee= ree oe Str 35 
ons per sq. In 
C. % iMn. %| NI.% | Cr. % | Mo. %e | WwW. % 
_ - —|——|—_—__ a foraes 

N | 0:33 | 0-46 | 1-55 | 0-59 | 0-25] .. 53°3 
0 | 0-315] 0-44 | 3-38 | 0-69 | 0-24] .. 64-6 
DGW | 0-31 | 0-50 | 3-49! 0-11 | 0-30} .. 58-4 
RM 0-28 | 0-39 | 2-49 | 0-58 | 0-37 | 50-8 
RB | 0-28 | 0-39 | 2-49 | 0-58 | 0-37 | 50-0 
SA | 0-26 | 0-44 | 2-55 | 0-58 | 0-42 | | 56-4 
SM_ | 0-28 | 0-39 | 2-54 | 0-51 | 0-40 | 54°5 

| SR | 0-28 | 0-39 | 2-54 | 0-51 | 0-40 | 52-2 
SB | 0-28 | 0-39 | 2-54 | 0-51 | 0-40 | | 51-4 

| TR | 0-23 | 0-42 | 2-51 | 0-72 | 0-43 50:8 

| UB | 0-275] 0-48 | 2-89 | 0-57 | 0-22 46-2 
UT | 0-275] 0-48 | 2-89 | 0-57 | 0-22 44-4 

| UM | 0-275) 0-48 | 2-89 | 0-57 | 0-22 | 44-4 

| VX | 0-285] 0-71 | 2-45 | 0-60 | 0-64] .. 62-9 

i ¢F | 0-24 | 0-55 | 3-31 | 0-63 | 0-58 aa 65-1 

| V 0-27 | 0-41 | 3-72 | 1-10 | 0-05 | .. 58-6 
VMo | 0-31 | 0-64 | 3-96 | 1-36 | 0-24 | 65-8 
W | 0-63 | 7-34 | 9-26 | 4-12 | 0-63 | 0-48 | 57-4 
WA | 0-63 | 7-34 | 9-26 | 4-12 | 0-63 | 0-48 | 50-7 

| | | 


| | 





(A) Effect of Intermingled Ferrite (Figs. 5, 6 and 7). 

Comparing samples SM, SR and SB of very large grain-size, 
and UB, UT and UM of small grain-size, each series being 
arranged in order of increasing amounts of intermingled ferrite 
(see Figs. 28 to 33, Plate V.), the evidence indicates that at 
250° C., increasing amounts of intermingled ferrite resulted in 
a pronounced increase in the ultimate stress ratio, deflection and 
curve area. The effect of the intermingled ferrite was more 
pronounced and also more beneficial with small grain-sizes. The 
results obtained on the annealed steels R./ and RB, RB having 
@ preponderance of free ferrite, did not conform with this con- 
clusion, the apparent discrepancy being due in all probability 
to the fact that the free ferrite was in large areas and not inter- 
mingled in a finely dispersed form. Similar comparisons of the 
test values obtained at 350° C. lead to the conclusion that no 
appreciable effect was caused by an increase of intermingled 
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ferrite in the large-grained samples, but when the specimens 
were of small grain-size, increasing the amount of intermingled 
ferrite resulted in a slight increase in the penetration-resisting 
properties of the steels. The results on specimens RM and RB 
confirmed previous observations, :iz., that too much free ferrite 
reduced the penetration-resistance of the stressed steels, par- 


TaBLE VIII.—Nickel-Chromium- Molybdenum and Austenitic Steels. 
































| 

Testing Temperature, 250° C. | 

} 
Symbol. | Ultimate } Deflection Yield Max. 
Curve | Stress Ratio. | to Fracture. Load. Load. 
Area. | % In. Kg. Kg. 

| | 
| | 
N 9-32 | 95°1 0-2200 525 1070 
5°93 H 94-1 0°1250 H 625 1200 
DGW 4-73 90-2 0-1125 650 1150 
RM 9°30 | 86-4 0-2575 450 950 
RB 8°85 95°5 0°2125 450 1050 
SA 7°20 91°7 0-1700 600 1100 
SM 4°10 83°3 0-1075 550 1000 
SR 7°69 89-0 0-1950 500 1015 
SB 13°61 91-5 0°3225 500 1025 
TR 13°32 81°5 0-3650 480 880 
UB 8-08 89-0 0-2300 450 890 
UT bear gt 92°5 0-4750 450 925 
UM 18°50 95-0 0: 4900 450 950 
VX 9-11 90-2 0-2000 675 1150 
£4 11°70 91-0 0:2525 700 1160 
3°81 93°2 0-0925 600 1100 
V Mo 5:78 93°3 0°1275 650 1190 
| 1°21 81°3 0-0375 | 650 1000 
WA 17°68 | 84°3 | 0-6400 | 300 750 
| | | | 
Testing Temperature, 350° C. 
: | | 
Symbol. Ultimate Deflection | Yield Max. 
Curve Stress Ratio. to Fracture. Load. Load 
Area As n Kg. Kg. 
N 2°25 87°4 0-0625 450 900 
oO 2-99 89°4 0-0800 550 1050 
DGW 3-05 88°2 0-0900 430 900 
RM 2-92 80-0 0-1075 400 750 
RB 1°67 85-0 0-0575 400 850 
SA 1-23 83-0 0-0375 475 900 
SM 2-10 82-1 0-0625 480 850 
SR 1-94 82-0 0-0630 460 820 
SB 2°61 83-8 0:0775 460 830 
TR 2-60 79-0 0-0900 450 750 
UB 2°15 81-7 0-0800 385 735 
oT 2-60 84°3 0-0900 400 750 
UM 3°45 71 0-1150 400, 775 
VX 3-45 86-4 0-0950 550 950 
VY 3-43 87°0 0:0925 600 1000 
V 2-08 84:1 0°0625 450 925 
VMo 1°61 86-2 0-0450 600 1000 
Ww 1 6 0° 
WA 17 2 0- 
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ticularly when the free ferrite was not in a finely and uniformly 
dispersed form. 


(B) Effect of Grain-Size. 

The series of steels included in this section of the investigation 
offered a number of comparisons on the effect of grain-size, and 
these have been shown in graph form in Figs. 8 to 10. Photo- 
micrographs illustrating some of the differences in grain-size are 
reproduced in Figs. 28 to 33. As a result of the comparisons it 
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can be concluded, quite definitely, that at 250°C. large grain- 
size resulted in an appreciable decrease in the resistance of the 
materials to the penetration of molten white metals. Similar 
indications were observed when testing at 350°C., but at this 
temperature the bencficial effect of small grain-size was much less 
pronounced, except in the case of the austenitic steel specimens 
W and WA (Figs. 13 and 14, Plate I.). The results of the tests 
on the latter two samples, however, showed that in this type of 
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stecl large grain-size was a distinct disadvantage at both 
temperatures. 


Part IV.—-Tue Errecr or TemMPer-BRITTLENESS. 

For these tests, samples from material AK, the analysis of 
which is given in Table V., were oil-hardened and tempered to 
have a maximum tensile strength of 50 tons per sq. in. Samples 
of the material were then reheated to 550° C., and cooled from that 
temperature at predetermined rates to give progressively lower 
toughness, as measured by the Izod impact test. The impact 
figures varied from a mean Izod value of 62-5 ft.-lb., down to 
10 ft.-lb. The samples were then tested at 250°C. and 350° C., 
both with and without solder or bearing metal present, the results 
being depicted in graph form in Fig. !1. The curves show con- 
clusively that there was no connection between the Izod value 
and the resistance to penetration, as measured by the values for 
the ultimate stress ratio, deflection and curve area. Whether 
tested at 250°C. or at 350° C., the penetration test results were 
practically the same throughout the range of impact values 
observed. The microstructure of the steel, in the re-treated 
condition, was similar to that of the nickel-chromium steel M, a 
photomicrograph cf which is reproduced in Fig. 27, and consisted 
of small grains of sorbite with a small amount of intermingled 
ferrite, uniformly and finely dispersed. The tests consequently 
confirm the conclusion drawn from the results on steel /, namely, 
that such a microstructure is particularly resistant to penetration, 
the resistance being greater at 350° C. than at 250° C. 


SUMMARY. 


An investigation was carried out to ascertain the effect of 
variations in temperature, rate of application of stress, mechanical 
properties, microstructure and chemical composition, on the 
resistance of stressed steels to the penetration of molten white 
metals. It was found that premature failure only occurred when 
the material was stressed in tension in the presence of molten 
white metal, but the composition of the molten metal was ap- 
parently of no significance. The yield and maximum loads 
withstood by the different steels, in the presence of molten white 
metal, decreased with increasing temperature, and also with 
slower rates of loading at constant temperature. The variations of 
temperature and loading rate, however, were much more profound 
in their influence on the maximum deflection which the stressed 
steels would withstand in the presence.of molten white metals, 
there being a pronounced decrease in deflection with slower rates 
of loading and also with increasing temperatures. The maximum 
permissible deflection is considered to be of importance, since with 
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small deflections, even when the maximum load was high, the 
area of the load-de flection curve, and therefore the energy required 
to cause fracture, was comparatively small. Series of tests were 
carried out at 250° C. and 350° C., with and without molten white 
metal in contact with the surfaces of the steel samples, which 
were stressed in tension, a constant rate of loading being used ; 
the deflection at the beginning and end of each load increment 
was measured and then complete load/extension diagrams were 
plotted for each test. From the results of the tests the following 
conclusions were drawn: 

(1) When testing samples at 250° C. or 350° C. in the presence 
of molten white metal, the tensile properties of the materials were 
no reliable indication of the resistance of the steels to inter- 
penetration. For example, although the tensile properties of the 
series of nickel-chromium steels were fairly constant, very 
considerable differences were recorded between the different 
steels in relation to their resistance to the interpenetration of 
molten metals. 

(2) At both temperatures the addition of nickel up to 1-2 per 
cent. to carbon steels was distinctly deleterious, whilst the results 
obtained on nickel-chromium steels were either better or worse 
than those obtained on carbon steels, depending upon the micro- 
structure. The results showed that carbon steels, as a class, 
were more uniform than the alloy steels in their resistance to 
failure through interpenetration, but it was possible to heat-treat 
the nickel-chromium and the nickel-chromium-molybdenum steels 
so that they had a microstructure which would resist the penetra- 
tion as well as, and in some cases distinctly better than, the 
carbon steels. Such a structure consisted of very small grains of 
fine sorbite with a small amount of intermingled ferrite. The 
addition of molybdenum to nickel-chromium steels was not 
beneficial from the point of view of resistance to interpenetration, 
those steels with molybdenum showing no superiority over similar 
steels without that element. 

(3) When testing nickel steels and carbon steels at 250° C., it 
was found that increased amounts of ferrite increased the resistance 
to penetration, particularly when the free ferrite was in the form 
of membranes round the sorbitic grains, as distinct from angular 
masses. Quenched and tempered structures therefore gave 
better results than normalised or annealed structures. | When 
testing at 350° C., however, it was concluded that the beneficial 
effect of the free ferrite had almost disappeared. When testing 
the nickel-chromium and the nickel-chromium-molybdenum 
steels at 250° C., the more ferrite intermingled with the sorbite, 
the greater was the resistance to penetration, but in this class of 
steel the existenze of a free ferrite network was of no advantage. 
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As had been found for the nickel steels and carbon steels, when 
subjected to stress at 350°C., no advantage was gained by 
increasing amounts of intermingled ferrite above a very small 
quantity, and, in fact, anything in excess of such a small amount 
aided the penctration. 

(4) The resistance to interpenetration of molten metal, at 
both temperatures, varied inversely as the grain-size of the 
material. The effect of grain-size was very pronounced at 250° C., 
but the benefit accruing from small grain-size was not so marked 
at 350°C. 

(5) A small-grained austenitic steel offered much greater 
resistance to penetration at both temperatures than any of the 
other steels, with the exception of a nickel-chromium steel having 
a small grain-size, very fine sorbite and a small amount of inter- 
mingled ferrite. 

(6) The resistance of all the steels, except the two referred to 
in paragraph (5) above, was appreciably less at 350° C. than at 
250° C. 

(7) The time required at the maximum load for fracture to 
occur, was considerably less at 350°C. than at 250°C., failure 
being almost instantaneous in most cases at the higher 
temperature. 

(8) Temper-brittleness, as determined by the Izod impact 
test, appeared to have no influence on the resistance of the steel 
to interpenetration. 


In conclusion, the author wishes to thank the Directors of 
the English Steel Corporation, Vickers Works, Sheffield, for 
granting permission to publish the contents of this paper ; 
Mr. J. H. Slagg, for the preparation of the photomicrographs ; 
and Mr. P. H. Frith, for his assistance during the testing of 
the materials. 
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CORRESPONDENCE. 


Dr. L. J. G. vAN Ewtsk (Materials Department, National 
Institute for Aeronautical Research, Amsterdam) wrote that 
Mr. Goodrich’s paper had interested him very much, since it 
dealt with the same subject as his (Dr. van Ewijk’s) paper read 
before the Institute of Metals at the Annual Meeting of this year. 

Mr. Goodrich studied the phenomenon of penetration on many 
types of steel (carbon, nickel, nickel-chromium, nickel-chromium- 
molybdenum steels) and came to a series of conclusions which 
were very noteworthy. Like other investigators, he found that 
premature failure only occurred when the material was stressed 
in tension in the presence of molten white metal, and that the 
composition of the molten metal was apparently of no significance. 

He stated that the tensile properties of the steels formed no 
reliable indication of the resistance to penetration, and also that 
the temper-brittleness, as determined by the Izod impact test, 
appeared to have no influence. In the tests carried out by the 
writer @ certain relationship between the Izod value and the 
resistance to penetration could be detected, but he thought that 
the connecting link between these two properties was formed by 
the grain-size; coarse-grained nickel-chromium steel showed a 
low resistance to penetration as well as a low impact value. 

Mr. Goodrich found that it was possible to heat-treat the 
nickel-chromium and the nickel-chromium-molybdenum steels 
so that they possessed a resistance to penetration equal to or 
even better than that of carbon steels. In Tables VI. and VII. 
the maximum stress of the steels investigated was mentioned ; 
it ranged from 48-6 to 56-5 for the nickel-chromium, and from 
44-4 to 65-8 tons per sq. in. for the nickel-chromium-molybdenum 
steels. 

Dr. van Ewijk asked whether Mr. Goodrich had investigated 
Cr—Ni or Cr-Ni-Mo steels of higher tensile strength, say, 100 tons 
per sq. in. (¢e.g., B.S. Specification 2.T.2) and whether he thougiit 
that it would be possible to decrease the liability to penetration 
sufficiently without too much loss of strength. 

The réle ascribed to the free ferrite was not quite clear. Did 
Mr. Goodrich think that danger of penetration might occur 
when the ferrite formed angular masses,! and was the membrane 
form therefore more preferable ; or were the sorbitic grains to be 
feared, and did the free ferrite reduce this danger by enveloping 
the sorbite ? 

1In the discussion on the writer’s paper, Dr. Desch said that perhaps the 
form of the crystals was of more importance than the size, those of sharp polygonal 
form being more susceptible. 
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In his opinion all those interested in the problem of the 
penetration of steel by low-melting-point metals and alloys were 
very much indebted to Mr. Goodrich for the publication of his 
results. Although there were still many points to be considered, 
the paper distinctly meant a step forward in the direction of the 
solution of the problem. 





AUTHOR'S REPLY. 


Mr. Goopricu, in reply, wished to thank Dr. van Ewijk for 
his interest in, and comments on, the paper, and was pleased 
to hear that his conclusion confirmed, to a large extent, Dr. van 
Ewijk’s evidence. 

The remarks concerning the correlation of the Izod impact 
value and the resistance to penetration were extremely interesting, 
and the author agreed that some relationship might ultimately be 
determined for materials having a very large grain-size, even 
though the evidence at present available for steels of small or 
medium grain-size gave no indication of such a relationship. 

It might be of interest to Dr. van Ewijk to hear that the 
coarse-grained steels SB, SM, SR, and 7R, although offering 
relatively low resistance to interpenetration, had Izod impact 
values of over 55 ft.-lb. 

With reference to the question of the liability to penetration 
in the case of nickel-chromium or nickel-chromium-molybdenum 
steels of approximately 100 tons per sq. in. tensile strength, the 
author had only a small amount of evidence, upon which it would 
be improper to base any definite conclusions. That evidence, 
however, indicated that, even in the presence of small grain-size, 
such steels were liable to interpenetration unless the composition 
was adjusted to the minimum carbon, nickel or chromium 
contents consistent with the production of the requisite mech- 
anical properties. 

Such an adjustment of composition, sufficient to ensure the 
presence of a small quantity of intermingled ferrite even in thin 
sections of material, appeared to increase the resistance to 
interpenetration appreciably. 

With regard to the question of the formation of the ferrite, 
it would appear that when the ferrite was present in the form of 
large angular masses its beneficial influence was much less than 
would be the case were that same quantity of ferrite present in 
the form of membranes or uniformly and finely dispersed through 
the matrix. 

It was the author’s opinion that sorbitic grains were not to 
be feared unless they were of large size and completely free from 
intermingled ferrite. 
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SUBCUTANEOUS EFFECTS DURING THE 
SCALING OF STEEL.* 


By R. GRIFFITHS, M.Sc. (Untversiry CoLLEGE, Swansea). 


SUMMARY. 


An explanation is advanced for the formation of globules and spots 
below the steel surface when oxidising under certain conditions. 





Introduction.—Modern requirements of surface finish on steel 
products have necessitated the closest attention being paid to 
causes of minor defects. This applies particularly in the tinplate 
industry, where the need for economy has resulted in the thickness 
of the tin coating being cut down to the minimum commensurate 
with adequate protection. In this and other fields, minor sub- 
cutaneous changes in the structure and composition of the articles 
during heat treatment may be reflected in the properties of the 
finished products—in particular, a decreased resistance to fatigue 
and corrosion may result. 

The present paper deals with subcutaneous changes which 
have been observed during the oxidation of various steels in the 
laboratory, but which may prove of industrial interest. 

Previous Work.—The penetration of oxygen in steel on scaling 
has been referred to by Stead,’ who described the structure 
found at the surface of a steel casing from an ironworks stove. 
Pfeil,® in his valuable paper on the oxidation of iron and steel 
at high temperatures, mentioned the absorption of oxygen by 
steel, particularly alloy steels. Closely related to the present 
author’s experiments is one carried out by MeCance), A sample 
of ordinary mild steel was packed in a crucible with crushed mill 
scale and the whole was heated for 8-12 hr., at a temperature 
approaching 1,200°C. The explanation suggested for the migra- 
tion of the oxide into the steel was that FeO is soluble in solid 
iron at a temperature of 1,200°C. and is less soluble at lower 
temperatures, so that it is deposited as the iron cools down. 
Recently, Whiteley") discussed the network structure formed at 
the boundaries of either « or y surface grains when steel is scaled. 

Practical Investigation.—Many iron and steel samples, widely 
differing in composition, were treated and examined during the 


* Received June 16, 1935. 
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investigation, but reference to those cited in Table J. only will 
be made in particular. 


TaBLE I.—Chemical Analysis of Samples. 





Material. Cc. % | Si. % | 8S. % | P. % | Mn. %] Cr. %] AL. %| NI. % 








Pure iron . : in is Pa Wh A cs im 0-02 
Remelted  electro- 





lytic iron . Trace | Nil 0:°005 | 0-003 | Trace 
Armco iron . - | 0°021 | Trace | 0-025 | 0-005 | 0-041 
Carbon steel 0°53 0-044 | 0°036 | 0-040 | 0-50 ce 
Chromium steel . | 0°43 0:035 | 0:029 | 0-024 | 0-05 0-91 oa 
Aluminium steel . | 0°019 | 0°02 0-028 | 0-008 | 0-038 ou 1:01 
Manganese steel . | 0°07 0-098 | 0-046 | 0-022 | 0°95 ee eee 
Tin bar . - | 0°06 0°035 | 0-03 0°02 0:28 .. | Trace 
































Briefly, the experiments consisted of subjecting the steels 
to slow oxidation at certain temperatures for periods ranging 
from one hour to three weeks. 

Holes, # in. in diam., were drilled in the specimens, which 
were in the form of cylinders 1 in. in diam. by 1 in. long. Fincly- 
ground scale, obtained by the oxidation of electrolytic iron, was 
rammed into the cavity and then sealed by means of a tightly- 
fitting screw plug. 

Using an electrically-heated silica-tube furnace, different 
specimens were then subjected to three conditions of heating at 
the various temperatures for the various times. Under the first 
condition, the specimens were heated in vacuo. In the second 
series, slow oxidation of the exterior of the specimens was allowed 
in a limited supply of air, and in the final series, to produce a 
carburising effect, the specimens were heated in coal gas. 

Each specimen was then sectioned transversely through the 
rod to give a section with the oxide-filled cavity at the centre. 
The specimens were then mounted to preserve the exterior sur- 
faces, for which purpose sealing-wax, low melting-point alloy or 
bakelite was used. In some cases the exterior scale was carefully 
removed before mounting. 

Examination of the Specimens.—In the series heated at a tem- 
perature of 950° C. in vacuo for three weeks, it was found that in 
the Armco iron, carbon, aluminium, manganese and chromium 
steels, greyish-black globules or areas were present near the 
metal-scale interface, together with finer spots which extended 
into the steel. : 

Plate VI. illustrates some typical appearances of three of the 
steels at the affected areas. Fig. 1 shows that of the manganese 
steel, Fig. 2 the aluminium steel and Fig. 3 the chromium steel, 
all in the unetched condition. It will be seen that the appearance 
of the particles differs somewhat in the various steels. 








PuaTE VI. 


SUBCUTANEOUS SURFACES OF OXIDISED STEELS. 





Fic. 1.—Manganese Steel. Surface Fic. 2.—Aluminium Steel. Surface 
near scale-filled cavity. near scale-filled cavity. 





Fic. 3.—Chromium Steel. Surface Fic. 4.—Chromium Steel Surface 
near scale-filled cavity. oxidised in air. 





Fic. 5.—Carbon Steel. Surface near Fic. 6.—Tin Bar. Surface slowly 
scale-filled cavity. oxidised in air. 
(Magnification, 50 diameters, reduced in reproduction to half-size linear. 
“Griffiths 
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All the steels which contained carbon previous to the experi- 
ments were found to be decarburised completely as a result of 
the heating for three weeks in vacuo. No change was observable 
in the appearance of the outer surface of the specimens, from the 
point of view of the formation of globules and spots. 

Turning now to the series exposed to a slowly oxidising 
atmosphere for seven days at 925°C., it was found that the size 
of the individual globules was larger, but the thickness of the 
affected area of the steel was somewhat less at the outer scale- 
steel interface than at the scale-filled cavity surface. This is 
illustrated clearly in Fig. 4, which shows a chromium steel of 
similar composition to that represented in Fig. 3. 

As in the series heated in vacuo, the appearance of the globules 
and spots in the various steels differed considerably. During the 
seven days’ heating, decarburisation had taken place to a limited 
extent in those steels containing carbon. This is illustrated in 
Fig. 5, which shows the area near the inside scale-filled cavity 
of the 0-53 per cent. carbon steel. It will be noted that globules 
and spots appear in the decarburised area. 

With the carbon steel, when it was heated for ten days at 
950° C., it was found that an inner ring of ferrite free from particles 
was formed in the scale-filled cavity, due probably to the reduction 
of the iron oxide in the cavity. The steel in the vicinity of the 
cavity contained globules and spots as in the previous cases. 

Fig. 6 shows the effect obtained on heating a piece of tin bar 
for 12 hr. at 950° C. in air. It will be seen that irregular globules 
and a few spots have been formed. On heating for shorter periods, 
such as 4 hr., the affected area was not so pronounced but was 
still appreciable. The effect was observable at temperatures 
as low as about 850° C., although naturally the degree of penetra- 
tion was correspondingly smaller than at higher temperatures. 

Remelted electrolytic iron revealed affected areas to a small 
extent, and even an iron containing 0-02 per cent. of nickel only 
as impurity showed distinct globules, after immersion in scale 
and heating for 12 hr. at 950° C. 

Finally, in the case of the steels heated in a carburising 
atmosphere for fifteen days, the globules and spots were present 
in the vicinity of the oxide-filled cavity as in the previous cases, 
but to a somewhat smaller extent than in the air-oxidised series. 
Carburisation of the steels had, of course, taken place, but in 
addition some of the scale in the cavity had been reduced to iron 
and become carburised. It was difficult to find the line of demarca- 
tion between the original wall of the scale-filled cavity and the 
steel. 

Consideration of Results——-The experiments show that by 
heating steels, which contain certain elements, in contact with 
scale, globules and spots are formed within the steels. A similar 
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result is obtained by oxidising at a certain rate to form scale on 
the surface of the steels themselves ; but the globules and spots 
are not obtained when the steels alone are heated in vacuo. 

It thus appears that oxygen is necessary for the formation 
of the globules and spots. A sufficient supply of oxygen, such 
as is obtained by certain rates of progressive surface oxidation, 
appears to increase the size of the individual particles in com- 
parison with that obtained with a limited supply of oxygen as in 
a scale-filled cavity. The oxygen supplied by the scale in the 
cavity would be obtained during the initial stages from such 
oxides as Fe,0,, and Fe,0,, and during the subsequent stages 
from FeO, which would cause the main effect. 

The character of the globules and spots differs according to 
the elements contained in the steel. 

The author would advance the following explanations to 
account for the phenomena described. The oxygen dissociating 
from the ferrous-oxide scale within the cavity enters the steel, 
tending to saturate the surface layers with oxygen in solid solution. 
Some of the oxygen, however, reacts with those elements in the 
steel which have a higher affinity for oxygen than has iron. Such 
elements are chromium, manganese, silicon, aluminium, &c. 

It can be imagined that an oxygen atom entering the steel, 
in its passage through the crystals, comes in contact with, to take 
an example, an atom of manganese, with which it combines and 
precipitates as manganese oxide. Further atoms of manganese 
and oxygen may subsequently diffuse towards this and enlarge 
it. In addition, atoms of iron may possibly be dissolved in the 
particle, as well as atoms of other elements, such as silicon, 
forming in such cases a complex globule or area. 

This precipitation occurs in the first place at random at a 
number of nuclei in the steel and possibly at the boundaries of 
the crystals. When progressive oxidation of the steel surface is 
taking place simultaneously, there will be a removal of the 
affected area of steel by its conversion into scale. It is conceivable 
that the rate of scale formation can equal, if not exceed, that of 
oxygen penetration and precipitation, but the rates of oxidation 
in air commonly encountered are not fast enough for the 
latter action to be completely overcome. It would appear that 
the best conditions for maximum precipitation would be the 
least possible surface attack of the steel commensurate with an 
adequate supply of oxygen to precipitate the oxidisable elements 
in the steel. ‘ 

Conclusions and Applications.—Whenever scaling of an article 
occurs—for instance, during heat treatment—particularly if the 
surface oxidation is slow, the formation to some extent of globules 
and spots is to be expected. Whether the affected area is removed 
by subsequent processes, such as pickling or machining, will depend, 
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inter alia, on the extent of the affected area and the amount of 
metal removed. 

It would also appear that the more oxidisable the elements 
contained in the steel the greater is the extent of precipitation 
and formation of globules and spots, so that where a specially 
good surface is required the steel should contain a minimum of 
elements having a high affinity for oxygen—that is, any excess 
of deoxidising agents, such as aluminium, &c., should be at 
@ minimum. 

Unless the affected area is removed completely, the effects 
of the phenomenon on a steel intended to be fatigue-resisting may 
be to initiate surface cracks. In tinplate manufacture, whilst 
the affected area, if any, must be extremely thin, owing to the 
rolling processes, &c., subsequent to its formation, its possible 
presence cannot be entirely disregarded. It is conceivable that 
its effect would be to increase the possibility of porosity, particu- 
larly if the sheet is to be used for deep stamping. The surface of 
the sheet containing the non-metallic particles might not be 
able to withstand the stressing occurring in the process, and 
minute incipient cracks might be formed at the surface of the 
steel. The support of the tin coating would not then be con- 
tinuous, so increasing the liability to failure and the resulting 
porosity of the coating. 


The author would like to express his thanks to Principal 
C. A. Edwards, F.R.S., for facilities for carrying out the work. 
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CORRESPONDENCE. 


Mr. A. B. Wintersortom (Trondheim, Norway) wrote that the 
author's explanation of his interesting observations might be 
elaborated a little in accordance with existing information con- 
cerning Fe-O equilibria and sealing. Thus if a diagram (Fig. A) 
was drawn representing a section through the three oxide phase 
layers and the steel base, oxygen concentrations for the four 
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Fic. A.—Diffusion Gradients after 15 min. Scaling at 900° C. 


two-phase equilibria could be marked on the interface verticals 
to an appropriate scale. Clearly, diffusion within each layer 
destroyed the equilibria, with the result that transfer of iron and 
oxygen across the interfaces occurred and these moved in the 
opposite direction to the iron diffusion. So long as a magnetite 
layer was present in contact with the FeO phase that must tend 
to saturation with oxygen, i.e., unsaturation with respect to 
iron, and therefore iron diffused out from the steel, the boundary 
moved in, and scaling proceeded. If only FeO phase saturated 
with iron was in contact with the steel, scaling ceased but diffusion 
of oxygen into the steel continued. An atmosphere in equilibrium 
with iron and the FeO phase should therefore give the maximum 
rate of oxygen diffusion inwards and of subcutaneous effect, as 
was observed. 

Turning to the actual mechanism of the subcutaneous precipi- 
tation, it seemed reasonable to infer that the oxygen concentration 
in equilibrium with the precipitated oxides was determined by 
the element concentrations themselves, i.e., that precipitation 
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was conditioned by the oxygen concentration exceeding a value 
given by what might be termed an oxide solubility product 
[X] [O] < [Fe] [O]. A sufficient concentration of an element 
with a low solubility product should therefore suppress the effect 
by limiting it to the surface. It would be interesting to know 
whether the effect could be produced in the higher alloy steels, 
such as stainless iron, for example, where gool finish was also 
important. 


Mr. K. G. Lewis (Wolverhampton) wrote to congratulate 
Mr. Griffiths on his paper. To his mind the results appeared 
somewhat disturbing, and might account for inclusions cecurring, 
principa ly near the surface, in what was apparently good steel 
in the cast condition. 

He would be glad if the author would clarify the meaning 
of the sentence ‘‘ No change was observable in the appearance of 
the outer surface of the specimens, from the point of view of the 
formation of globules and spots.” It was difficult to visualise 
the presence of those globules, presumably the products of 
oxidation, in zones where the vacuum created would surely be 
exerting a much greater effect. 

With regard to Mr. Griffiths’ comparison of Figs. 3 and 4, it 
was interesting to note the respective depths of oxidation. While 
the depth of oxidation was certainly greater in the neighbourhood 
of the scale-filled cavity, the ‘“‘ degree of oxidation ”’ appeared to 
be similar—perhaps greater—near the surface oxidised by air. 
Under the conditions of experiment the greater depth of penetra- 
tion would be expected, since oxygen formed in the cavity must 
be under pressure and would thus tend to be forced further into 
the steel. The reason for the much larger type of globule (Fig. 4) 
obtained by oxidation in air, was, however, obscure. The writer 
would ask if the sites of those various globules or inclusions were 
determined by etching—particularly in the case of Fig. 4. The 
magnification given (x 50) was low, and in such circumstances 
it was difficult to imagine their disposition. Apparently they did 
not occur at grain boundaries. It would be of interest to know 
whether they were distributed throughout the crystal grains, or 
whether they occurred haphazardly both in the grain and at the 
boundary. The author’s explanation of the reaction of the 
oxygen with elements in the steel appeared to satisfy the facts, 
since very little in the nature of a grain boundary, where oxide 
was frequently found in cases of over-oxidation, was detectable 
from his micrographs. <A rate of scaling sufficient to remove a 
slightly defective surface was a fairly common occurrence in 
heat treatment. 

The danger of incipient cracks was well emphasised by Mr. 
Griffiths’ work. Pickling, sand-blasting, turning and dressing 
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were in the main expensive operations. U. R. Evans and the 
writer! had pointed out the advantages of scale removal before 
applying protective coatings. When the exposed surface has to 
be “cleared” in addition, mechanical methods must generally 
be adopted and the extra expense could be considerable. Mr. 
Griffiths’ findings offered an interpretation of apparently inexplic- 
able results, e.g., in forgings and some welding processes where 
heat treating had to be carried out repeatedly—and very often 
slowly—before the work was completed. In the writer’s opinion 
inclusions which were not rolled-in scale were frequent!y encoun- 
tered in the neighbourhood of laps. The method of experiment 
adopted in the author’s work—by heating in contact with oxide 
in an enclosed space—might offer a possible explanation of that 
defect, particularly on material which had been subjected to 
further heat treatment and rolling or forging. 





AUTHORS REPLY. 


The AvtHor, in reply, wrote that he was interested in the 
observations of Mr. Winterbottom and Mr. Lewis. Interesting and 
valuable results should be obtained from work carried out on the 
suggestion of Mr. Winterbottom. 

With regard to Mr. Lewis’s query on the sentence “* No change 
was observable in the appearance of the outer surface of the 
specimens, from the point of view of the formation of globules and 
spots,” that merely meant that no globules and spots of the type 
under discussion could be discerned at the outer surface of the 
specimens which had been heated in vacuo. 

The author rather doubted the possibility of any appreciable 
pressure of oxygen being attained in the oxide-filled cavity. 
This assumption was based on the experiments carried out under 
similar conditions with a carbon steel, when decarburisation of 
the steel occurred in the vicinity of the oxide-filled cavity. That 
meant that the gaseous product of decarburisation must have had 
a means of escape from the cavity, or decarburisation would soon 
have ceased. The explanation of the much larger type of globule 
probably lay in the greater availability of oxygen atoms in the 
case of oxidation in air than that from the scale. Possibly, the 
tendency for the formation of globules and spots during oxidation 
in air was, as a whole, greater, but the conversion of the steel into 
actual scale occurred simultaneously with the further precipitation 
of globules and spots in the steel. ; 

The illustrations on Plate VI. were all of specimens in the 
unetched condition, with the exception of Fig. 5. Globules and spots 
occurred both at the grain boundaries and within the crystal grains. 


1K. G. Lewis and U. R. Evans, Third Report of the Corrosion Committee, Iron 
and Steel Institute, 1935, pp. 173, 177. 








( 75 ) 


THE PIOBERT EFFECT IN IRON 
AND SOFT STEEL.* 


By ERIC W. FELL, Dr.-Ina., M.Sc., F.I.C. 
(MancHESTER UNIVERSITY AND St. JOHN’s COLLEGE, CAMBRIDGE). 


ABSTRACT. 


When a highly polished bar of soft steel is subjected to increasing tensile 
stress, a value of the stress is reached at which the bar may suddenly 
yield to a remarkable amount with permanent surface distortion 
easily recognised as characteristic. The distortion is called the Piobert 
effect. The effect seems a property of an aggregate of iron crystals 
and is ordinarily not observed with other steels, non-ferrous metals 
and non-metallic solids. (Part I.) 

The spread of the effect is compared with the yielding process. Its 
spread throughout the bar is progressive and occurs at nearly constant 
stress. It may thus be compared with the spread of solidification at 
constant temperature in a mass of pure metal about the melting 
point. A phase change is considered. (Part II.) 

The distortion, analysed with ruled testbars, may be represented 
as successive slip of layers or planes of particles over one another. Such 
a layer comprises many crystals. A distorted domain is divisible into 
smaller domains in each of which slip may be one of two kinds. In 
the simpler kind, the slip seems constant in magnitude and direction. In 
the other kind, the magnitude of the slip in a certain direction varies. 
The resultant slip is generally not parallel to the surface of the rectangular 
testbar. The change in the shape of the testbar, after removal of the 
stress, may be regarded as the sum of the changes in the smaller domains. 
The distortion results from shear. Propagation of the effect is probably 
due to stress concentration. There is some similarity to distortion 
in a single crystal. (Part III.) 





If a highly polished bar of iron or soft steel is loaded in tension, 
a value of the stress is reached at which the bar may suddenly 
yield to a remarkable amount, and this is seen to be accompanied 
by characteristic permanent surface distortion. The distortion 
figures have been named “ lines” of Piobert, Liiders and Hart- 
mann, “strain figures,’ ‘‘ ligne ou zone de cession,’’‘” “ Kraft- 
wirkungsfiguren,” ‘ Fliessfiguren,’” and “ stretcher strains,’’' 
&c. The distortion is partially shown by flaking-off of surface 
scale dislodged by the distortion of the metal and, on sections, 
by ‘‘ Fry etch-figures.’*) These names all mean the same type 
of distortion, and confusion occurs, for it has been said that 
Liiders’ lines do not refer to the yield point. Also, “ strain 
figures’ is obscure as it may mean the “contractile cross ”’ 

* Received, May 7, 1935. 
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effect'®) which is quite different. The name “ wedge of distortion ” 
was used by Turner and Jevons.'*) 

The distortion is really of the nature of an “ effect’ and as 
it is three-dimensional, it cannot be truly described as “ lines.” 
It was described by Piobert, Morin and Didion?) for distortion 
in wrought iron caused by a projectile. Frémont'®) named the 
distortion after Piobert, described later by Liiders'® and after- 
wards by Hartmann.” Piobert was thus the first to publish 
a description, so the name “ Piobert effect’ is used in this paper 
for the above distortion in iron and soft steel. 


Part I.—OccurRRENCE OF THE PIOBERT EFFECT. 


Doubt exists as to whether the effect is observed other than 
in iron and soft steel, therefore the next pages summarise as much 
relevant data as are obtainable for the purpose of removing 
uncertainty. Perhaps the effect is observed mostly in soft 
steel by its frequency in engineering and also because it has a 
suitable surface scale, enabling the effect to be detected, as in 
deformed boiler-plate. 

Brinell indentations made on polished surfaces of single iron 
crystals, kindly given by Professor G. I. Taylor, did not reveal 
the effect and suggest that it may be a property of an aggregate 
of crystals. Presence of the effect may determine the shape of 
the stress-strain curve, as a marked horizontal part is shown for 
wrought iron and soft steel and not for single iron crystals. The 
horizontal part is rare for other metals and solids. It seems 
likely that the effect would occur in very pure iron provided 
its crystal size be small enough. Two high-carbon steels and a 
stainless iron indented by a hard ball did not show the effect.“ 
Seigle permanently deformed bars of soft steel after hardening, 
but the effect was generally absent. It was absent in deformed 
soft steel bars which were coarsely crystalline. It was present 
in 50-55 kg. steel and in soft steel with 1 per cent. of nickel, being 
less pronounced in 70-80 kg. steels. For soft steel case-hardened 
and deformed, it is not mentioned.” 

Hartmann studied distortion effects in metals, but may not 
have distinguished between the Piobert and other effects, as for 
example the “ contractile cross.” Regarding non-ferrous metals, 
his illustrations of copper tensile bars apparently show the effect* 
(loc. cit. Figs. 9and 12). Fig. 9 shows two intersecting bands on the 
surface, one inclined at about 58° 30’ and the other at 61° to 
the applied stress. The distortion in a tensile bar of German- 
silver is shown (Fig. 10, ibid.) as two intersecting bands, one 
inclined at about 63° and the other at 70° 30’ to the applied stress, 
which suggests the ‘“ contractile cross.” The effect may be 
present in a tensile bar of delta-metal, but the illustration_is not 
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clear (Fig. 11, ibid.) and the inclination of the bands is less than 
for the copper. 

More data seem available for aluminium. Hartmann noted 
a wave form at constant inclination to the applied stress rapidly 
propagated from end to end of a bar (p. 99, ibid.). Hannover 
(loc. cit."p. 124) reported the Piobert effect in aluminium bars of 
certain dimensions, but Rawdon,"'*) comparing soft steel with 
sheet aluminium alloy, found differences in the spreading of the 
distortion. Anderson reports ‘ Liiders’ lines’? in a duralumin 
tensile bar,“5) but there is no resemblance, as a wave form is 
shown. Portevin and Le Chatelier“® record the effect on flat 
tensile bars of tempered aluminium alloy, but give no illustrations. 
Kuntze”) noted two wave forms on tensile bars of polycrystalline 
aluminium alioy ; parallel bands are propagated over the gauge 
length at about constant stress, and on corrtinuing the test a 
second set of mutually parallel bands intersects the former set 
at slightly higher constant stress; the horizontal part of the 
stress-strain curve is in two parts. Elam‘) shows a set of parallel 
slip-bands on a single crystal, and of somewhat similar appearance, 
for a tensile bar of copper with 5 per cent. of aluminium, but, 
as in the previous case, the effect is absent. 

An illustration is given by Nadai@® as showing ‘ Liiders’ 
lines ’’ in work-hardened copper, but the effect is absent, as there 
ig much difference in form from the distortion in sofc steel. 

The effect is easily obtained on polished soft steel by Brinell 
indentation, so the method was used to find if the effect was 
obtained for other metals. It was not found in copper, zine, 
nickel, aluminium, tin, cadmium, brass and bronze" (loc cit. 
p. 105), confirming experiments of Nddai'*) with indentations of 
a cylindrical stamp on hard and soft copper, cast zine and soft 
iron. 

It has been suggested that the Piobert effect occurs in non- 
metallic solids. Ndadai used paraffin wax blocks to show distortion 
and illustrated shearing in the wax as in marble, stone or concrete 
(Plates XII. to XV., ibid.). Tests were made by the author to 
find if the distortion of the wax resembled the effect. Blocks 
with smooth bright surfaces were slowly distorted by a ball, 
and rapidly by bullets. The effect was absent and the distortion 
caused by the bullets resembled the radial and concentric cracks 
obtained for brittle materials such as glass, glue and pitch. It 
was absent in similar tests on plasticine and soap. Mr. J. B. 
Nevitt, of Imperial Chemical Industries, Ltd., noted distortion, 
like that caused by bullets fired into thin soft steel" (loc. cit. 
Fig. 13, Plate XII.), on the surface of common yellow bar soap 
in tests of hollow point bullets, though the markings were not 
quite so near together and only clearly defined in a band between 
tin. and l}in. from the edge of the bullet hole (private com- 
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munication). Osmond, Frémont and Cartaud describe distortion 
in stearin and gelatin due to shear,‘*”) but all their figures suggest 
that the effect is absent. The effect is macroscopical and thus 
the name “ lignes de Liiders microscopiques ” (p. 37, ibid.) seems 
inadmissible. Howe‘**) gives an illustration described as “ Liiders’ 
lines” in compressed wood, but the effect is absent ahd shear 
failure of the wood is shown. 


Summary. 


(1) The Piobert effect commonly occurs in iron and soft steel. 
(2) It is probably a property of an aggregate of crystals. 
(3) It seems generally absent in non-ferrous metals. 

(4) It is absent in non-metallic solids. 


The effect is attributed to the plastic properties of an aggregate 
of iron crystals, whose mechanism of distortion may be different 
from that of other metals.®) As the effect was not obtained with 
single crystals, it seems inadmissible directly to deduce it to be a 
property of the body-centred cubic lattice structure of iron.‘ 
An aggregate is isotropic ; the directive properties of the individual 
crystal are neutralised by the others present, thus the aggregate 
distorts more aecording to the general stress distribution. The 
effect determines the shape of the stress-strain curve. As the 
carbon in iron increases, the effect is suppressed, apparently due 
to resistance to the distortion of the ferrite crystals by the pearlite. 

In non-ferrous metals, crystal size and plastic properties may 
be unfavourable and the only clear evidence that the effect may 
occur is that for copper and delta-metal.*) The wave forms in 
aluminium and its alloys are different, though they may be a 
modification of the effect. 


Part II].—TueE PioBertT EFFECT AND THE ‘‘ YIELDING ”’ PrRocgss. 
CHANGE OF STATE. 


If a bar of soft steel is loaded in tension, a value of the stress 
is reached at which the bar may suddenly extend to a remarkable 
amount with the fall of the beam of the testing machine. Itis called 
“ yielding ” of the bar ; meanwhile, the Piobert effect is spreading 
in the bar at almost constant stress. This is well known. The 
next experiments which were undertaken, examined especially 
the nature of the spreading in relation to the stress-strain curve. 

Tensile bars were made from hot-rolled basic open-hearth 
strip, 2 in. wide by } in. thick, of the following analysis : Carbon 
0-06, manganese 0-36, silicon 0-01, sulphur 0-039, phosphorus 
0-010, nickel 0-28, chromium 0-012 per cent. The gauge length 
of the testbar was 5 in., and 1 in. wide by } in. thick ; the shoulders 
were 2in. wide and the total length of the testbar was 12 in. 
They were loaded in a Buckton machine with wedge-block grips. 
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The balance weight on the beam was moved during a test in one 
direction only. An autographic curve was obtained for each 
bar (see Fig. 8). Results are given in Table I. 

The effect was seen by the flaking-off of the surface scale, 
but to make clearer the extent to which it had spread certain 
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Fig. 8.—Load-Extension Curves. 


TaBLE I.—Results of Experiments on the Piobert Effect. 








Stress at Stress at External Work | 
Appearance of Start oi Extension done in Pro- 
Test- | Piobert Effect, Large Final alter pagating the 
bar Observed by Horizontal Stress. Removal of Piobert Effect 
No. Flaking-off Part of Load. throughout the 
of Scale. Curve. Gauge Length. 
Tons Tons per Tons per Ergs per c.c. of 
per Sq. In. Sy. In. Sq. In. % steel. 
x 108 
2 17-0 18-7 19-1 5-5 1-59 
3 13-7 18-0 18-0 4-0 1-11 
4 18-7 19-1 20-9 9-0 2-22 
5 17-4 17-4 17-4 4:0 1-08 
6 17-1 17-1 17-1 3°7 0-98 
7 10:5 17-0 17-0 3:6 0:94 
8 17-2 17-2 17-6 5:6 1-49 
9 16:6 17:8 21-6 10-0 1-51 
10 17-6* 17:6 23-1 30-0 1-36 
(max. (reduction of 
stress) area at 
fracture = 
68-8%) 


























* No scale, surface of bar polished. 
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bars were etched by Fry’s method.* When the end of the hori- 
zontal part of the curves was reached most of the scale had flaked 
from the gauge length. In testbar No. 7, the effect was scen ata 
shoulder for a low stress, probably owing to stress concentration ; 
this is indicated by the first arrow in Fig. 8. The second arrow 
shows when general spread of the effect in the gauge length 
occurred. In testbar No. 8, the curve shows a final slight rise. 
The curve for No. 9 shows a ‘“‘ stepped ” horizontal part, indicating 
that two slight increases of stress were necessary for spreading 
the effect throughout the gauge length. The stress was then 
increased to 21-6 tons per sq. in., with a little flaking-off of the 
scale in the last sloping part of the curve, due presumably to 
removal of tenacious remains. Testbar No. 10 had one face 
polished. The effect appeared suddenly at the first arrow on 
the curve ; its spread along the polished gauge length was complete 
at the second arrow. The third arrow indicates fluctuat.ons by 
pressure variations in the hydraulic mains of the machine, which 
at the start of the curves are due to slip of the bar in the grips. 
The fourth arrow shows where the “contractile cross”’ effect 
was seen a few seconds before fracture. Traces of the Piobert 
effect remained on the bar except near the fracture where distortion 
was more severe. Bars Nos. 2, 3, 5, 6 and 7 showed that the scale 
had not all flaked off within the gauge length, and the curves 
show that for these the horizontal part is relatively short. No. 8 
seemed more free from scale, and in Nos. 4 and 9 nearly all the 
scale had flaked off. 

Bars Nos. 2, 5, 4 and 8 are chosen as typical (see Figs. 1 to 4, 
Plates VII. and VIII.). In Nos. 2 and 5 less scale had flaked off and 
a small amount of undistorted metal was visible in the gaugo 
length on etching, while Nos. 4 and 8 showed more distortion. 
In No. 4 it would appear that the small increase of stress above 
that for the horizontal part of the curve was necessary to remove 
the last traces of undistorted metal. 


Summary. 

(1) The Piobert effect generally appears suddenly at the 
beginning of the horizontal part of the stress-strain curve. 

(2) The effect has spread throughout most of the gauge length 
at the end of the horizontal part, but more stress may then be 
necessary to cause distortion in the interstices between the already 
distorted metal. 

The effect usually appears at a shoulder of a bar through stress 
concentration, and spreads towards the other shoulder. Mean- 
while it may appear at the other shoulder and spread to meet 
the first disturbance. The initial spreading was not so great in 
Nos. 2, 3 and 7, for the curves show a rounded “ step.” The 


*The surface layer was removed before etching by machining. 
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greater the rate of spreading the greater the rate of extension of 
the bar. 


A PossisLE CHANGE OF STATE. 


Appearance of the effect may not necessarily mark the elastic 
limit in its neighbourhood, since permanent slip in the crystals 
may have already occurred. Spreading of the effect may occur 
at nearly constant stress, for in bar No. 9 two slight increases of 
stress were required to finish the horizontal part. Continuous 
increase of stress is then necessary to strain the gauge length 
further. Rawdon subjected bars to a series of repeated and 
successive loadings, each of which was just sufficient to cause 
yielding, and noted that spreading of the effect re-started where 
it had left off in the previous loading. Further distortion, where 
the effect was, only occurred when the effect had spread through- 
out the gauge length. It seemed then to be uniformly distri- 
buted" (loc. cit. p. 481). A load-time relation for bar No. 10 
is given in Fig. 9. 
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Fic. 9.—Load-Time Relation for Testbar No. 10. Arrow A shows when the 
Piobert etfect was first seen on the polished bar, and arrow B when it completely 
covered the gauge length (0-239 sq. in. in original cross-section). 








If an attempt be made to balance the load during yielding 
of a bar an irregular part is obtained through which an average 
horizontal may be drawn. The horizontal parts of the above 
curves suggest those in heating (or cooling) curves of pure metals 
on melting, and, for example, “load’’ may be substituted for 
“temperature.” Spread of the Piobert effect throughout the 
metal at approximately constant stress may be compared with 
the spread of solidification throughout molten metal at constant 
temperature. The rates of spreading or of solidification vary. 
Undercooling near solidification may be compared with the 
small increase of stress, which may be necessary to start general 
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spreading of the effect throughout the gauge length, between 
the so-called upper and lower yield points. The conclusions 
of Kérber and Pomp‘) suggest that the metal may be unstable 
before yielding, as the rate of loading and type of machine 
appear to influence the value of the upper rather than the lower 
point at which permanent extension has already begun. Carus- 
Wilson‘*5) compared the curves with stress-strain curves of carbon 
dioxide. Charbonnier and Galey-Aché® appear to have noted 
that the part of the curve between the upper and lower points 
represents false equilibrium, analogous to surfusion and super- 
saturation. This part apparently decreases as the temperature 
at which the steel is loaded is raised, and between 300° and 400° C. 
a smooth curve is obtained® (loc. cit. p. 96, Fig. 69). Instability 
of the solid would decrease presumably on increase of temperature. 
Hartmann") (loc. cit. p. 287), without giving reasons, described 
the analogy of Carus-Wilson as a little hazarded. 

The peculiar shape of the curve for iron may be associated 
with a change of state. It would not be simply reversible. The 
external work done in spreading the Piobert effect throughout 
the gauge length is shown in Table I., and was found thus: Let 
the start and end of the horizontal part of the curves correspond 
to strains e, and é,, respectively, and the stress at an intermediate 
strain be f(e) where f(e,) = f(e2) ; f(e) is unknown but is assumed 
constant and equal to f(e,). The work is then the product of 
the stress and (e,-e,). In bars Nos. 4, 9 and 10 allowance was made 
for the increase of stress at the end of the horizontal part by means 
of the curves of Fig. 8; in Nos. 3, 6 and 7 it is possible that the 
horizontal part could be longer. The average of the nine values 
for the external work done was 1-36 x 10® ergs per c.c. of the 
steel. This may vary with the pearlite present. In work by 
Jevons,'?”) all the gauge length showed the effect at about 4 per 
cent. extension for open-hearth hot-rolled bars of analysis : 
Carbon 0-10, manganese 0-81, silicon 0:07, sulphur 0-044, 
phosphorus 0-03 per cent., but the work done is hardly calculable 
as the stress data are unknown (private communication). 

A change of state generally involves change of properties 
and internal energy. Farren and Taylor‘?®) estimated the latter 
in plastically deformed steel containing carbon 0-17, manganese 
0-76 per cent., from the external work done and the heat evolved. 
The “ yield”’ gave about 2 per cent. of permanent extension. 
It was found for extensions of 3-99 per cent. and above that the 
work done was mostly converted into heat, and in nearly constant 
proportion. Interpolation of these results so as to include only 
the ‘‘ yield” may not be admissible, for additional stress was 
imposed to produce the extension of 3-99 per cent. Below 2 per 
cent. the effect presumably took time to spread throughout the 
metal at about constant stress, and above this value distortion 
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occurs, presumably simultaneously everywhere in the distorted 
metal, at increasing stress. 

The Piobert effect hardens the metal. The author” (loc. cit. 
Fig. 18, Plate XIV.) found that the metal was 6-8 per cent. harder 
than the closely adjacent undistorted metal after etching by 
Fry’s method. Using different methods, Rawdon") (loc. cit. 
p. 474) found 3 to 8 per cent. increase in hardness. Moser,‘?® 
using steel with less carbon, obtained about 14-1 to 18-8 per 
cent. increase, as estimated by the author. Fowler, using steel 
of intermediate carbon content to that of the author and Rawdon, 
found about 4 and 8 per cent. increase. The mode of determining 
hardness is important. A band of distorted metal may be crossed 
by another band and variation of hardness may occur where they 
cross. The aggregate of crystals is assumed to be isotropic before 
distortion, and as displacement occurs in certain directions only, 
it may result in the aggregate becoming anisotropic, and thus the 
hardness may vary with direction. 

X-ray studies“ (loc. cit. Fig. 17, Plate XIII.) suggested that 
the crystals in the distorted parts were distorted more than those 
in the so-called undistorted parts. X-ray examination by 
Rawdon"*) (loc. cit. p. 476) failed to reveal any significant differ- 
ence. Corrosion of the distorted domains, as on etching, suggests 
an alteration of the properties of the metal. Corrosion might 
be greater where two bands of distorted metal cross each other. 
Some spatial interpenetration of the effect may thus occur. 

Such considerations suggest that the Piobert effect may 
correspond to a definite state of plastic strain. 


Part III.—ExPeriIMENTS WITH RULED TESTBARS. 


The distortion associated with the Piobert effect has apparently 
escaped experimental study. It is assumed to be the slip of layers 
of the metal one over another. Previous experiment is restricted 
to observing the distribution of the effect in variously shaped 
and stressed bodies. Experiments by Gulliver?) and Mason‘?) 
compared the orientation of the distorted domains with stream 
lines and external stresses respectively. 

According to the present experiments, earlier assumptions 
on the nature of the distortion need some revision. Hartmann 
assumed that the deviation of a straight ruling on a tensile-bar 
became 90° on entering a band of distorted metal” (loc. cit. Fig. 5, 
line Cnd), but this is far too big. A similar ruling became curved 
in passing through two bands, and near its middle it passes for 
a very short distance through undistorted metal, being deviated 
about 12° on entering each band"®) (loc. cit. Fig. 5, le pq), but 
the angle is again too big and the ruling should not be curved. 
It is very doubtful if two large bands can intersect as simply 
as shown. The shape of the ends of part of a bar which has 
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contracted in width may need modifying’® (loc. cit., Fig. 4, 
m and m), and the effect differs from the distortion at necking 
of a bar®) (loc. cit., Fig. 6). Frémont'*) regards this permanent 
contraction of the width of soft steel bars as made up of a plastically 
deformed part together with two elastically (yet permanently) 
deformed parts. The latter adjoin the ends of the former part, 
being the transition from it to the two undeformed ends of the 
bar. Permanent elastic deformation may exist adjoining such 
plastically deformed metal yet would not appear to make up the 
contraction of the bar as described, for permanent contraction 
appears to be formed by plastic distortion alone, as slip of layers. 
The shape of the boundaries of a distorted domain in a rectangular 
parallelepiped subjected to compression is given by Nadai.‘*4 
Assuming slip is uniform from one face of the body to the opposite 
face, then the boundaries of the distorted domain should be 
parallel. This is not indicated, as the left-hand boundary appears 
as a plane and the right-hand boundary as two mutually inclined 
planes. Moser'?® (loc. cit., p. 1603, Figs. 8 and 9) sketches the 
distortion in tensile bars, but it is very doubtful if the inclined 
bands, in which presumably uniform slip has occurred, are so 
uniformly orientated along the whole gauge length. The distorted 
layer immediately adjoining the undistorted domain is also shown 
as if moving over the undistorted domain to a considerable amount, 
but actually the larger moves to an almost infinitesimal amount 
only, for the rulings remain unbroken on testbars. 


The present experiments on the nature of the distortion were as 
follows. Testbars were made from the steel strip described in 
Part II., with a test portion 3in. long; the shoulders were 
2 in. wide and the bar had a total length of 8 in. The test portions 
were polished as for microscopical work, then annealed, 
after which alittle more polishing was needed on finer emery papers. 

Lines were ruled on the polished surfaces by sliding the bars 
against a fixed straight-edge, with a pivoted razor blade resting 
on them. The blade edge was inclined about 45° to the surfaces. 
To inscribe uniform lines a tiny piece from the worn cutting edge 
was broken off at intervals. The pressure of the blade could be 
varied. The distortion was measured by the change in position 
of the rulings on photographs of the bars, using a straight-edge 
and protractor. The rulings are easily distinguished from chance 
scratches. The distortion was not simple, and to describe it 
without interfering with the photographs needed ,rectangular 
axes of reference. These were chosen so that the width of the 
bar corresponds to the x axis, the length of the bar to the y axis, 
and the positive direction of the z axis is taken as into the paper 
of the subsequent figures. The x and y axes given in the figures 
serve to map desired parts. 
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To avoid optical distortion, certain measurements were made 
with the ruling to be measured in the centre of the microscope 
field. This was impossible for the figures as they covered nearly 
the whole field. It is assumed that the optical error is less than 
the error in ruling or measurement, as the straightness and 
parallelism of the rulings were well maintained in the larger 
undistorted domains, for example, in the top of Fig. 7 (Plate IX.). 

Two testbars, A and B, were treated as above. 

Bar A.—Longitudinal lines only were ruled on the bar. It 
was loaded steadily, and at a stress of 4-5 tons per sq. in. the 
effect was traced at both edges of the test portion, as in the 
bending of a bar. The load was removed on reaching 15 tons 
per sq. in. The test portion was initially 0-72 in. wide by 
0-215 in. thick. The distortion is described by referring to the 
figures. 

Fig. 5 (Plate VIII.) : The surface shown was near the middle 
of the test portion. Part of the distortion is seen as a conspicuous 
inclined band (the amount and direction of slip are given below). 
In the Figure, there are four isolated undistorted domains 
recognisable by a smoother surface. Their boundaries are easily 
traced. Their four centre points have co-ordinates (x = 7-5, 
y = 8), (3-2, 6-3), (5-4, 5) and (10-3, 4-3). The distortion of 
the rulings, once straight, is seen at the left-hand side of the 
Figure which shows an edge of the bar, or better, by placing a 
ruler against the lines. 

On this left-hand side, the following two lines are typical. 
With the x and y co-ordinates first and second respectively in 
the brackets and describing the two lines as they pass down the 
Figure, they may be taken to start at two points (2-9, 13-6) 
and (4:0, 13-9). First, both lines form straight segments 12 
and 7 mm. long, respectively (actually 7-2 and 4-2 mm. in the 
reduced Figure). There is then a change in slope of the surface 
of the distorted domain, where the lines deviate 1° 30’ and 1°, 
respectively, towards the y axis. The next segments are straight, 
24 and 21 mm. long, respectively (actually 14-4 and 12-6 mm. in 
the reduced Figure). The former meets the join of two distorted 
domains in the shape of bands inclined to the y axis. The latter 
meets the boundary of the distorted and an undistorted domain, 
where it deviates 1° 30’ away from the y axis and then passes 
over the latter domain to the point (3-85, 9-3) on the edge of 
the conspicuous inclined band. 

At the upper boundary of the conspicuous inclined band 
the lines deviate 2° 30’ and 1° 30’, respectively, from the y axis, 
forming straight and parallel segments 11-5 and 12 mm. long 
(actually 6-9 and 7-2 mm. in the reduced Figure). The band 
is seen to consist of two parts, a uniformly shaded upper part 
and a lower part shaded darker. The shading could be varied 
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by rotation of the object on the microscope stage; thus the 
distortion in the light part varied from that in the darker part, so 
the deviation of the lines was more carefully measured at the centre 
of the microscope screen (magnification x 33-3) to avoid optical 
distortion. Thus at the points (3-9, 8) and (4-6, 7-5) on the join 
of the light and darker parts, deviations of 46’ and 34’ occurred 
respectively, away from the y axis. The two lines are straight 
in the light part, being possibly very slightly curved in the darker 
part. The parallelism of the other lines in this band may be 
noted. Leaving it at (2-8, 7-4) and (3-9, 6-6), the two lines 
deviate each about 1° 30’ to the y axis and are parallel in the 
undistorted domain as straight segments 19 and 15 mm. long, 
respectively (11-4 and 9mm. in the reduced Figure). Passing 
then to the complex domain below, they deviate from the y axis. 

The distorted edge of the bar is parallel to the segments of 
the rulings nearby. The bar is seen to be bulged out. The two 
larger undistorted domains have moved relatively, as identical 
rulings on them are actually translated about 0:08 mm. There 
is possibly relative rotation of the undistorted domains on the 
right-hand side of the Figure. This may produce elastic stresses 
in them. 

The other edge of the bar is just off the right-hand side of 
the Figure. The next measurements suggest flow towards the 
central longitudinal axis. Consider the lines through the points 
x = 4-6, 6, 7:5, 8, 8-2, 8-5, 8-8, 10-4, y = 8: Passing from 
the distorted domain into the large undistorted domain below, 
the first and second lines deviate 45’ and 30’, respectively, from 
the y axis, but the others deviate, in order, 7’, 30’, 30’, 45’, 
45’ and 60’ towards the y axis. The angles are larger as the edge 
of the bar is approached. 

The slip in the conspicuous inclined band was found from its 
component in the plane of the Figure given by the displacement 
of the rulings, and its component in the z direction obtained from 
the difference in level of two chosen points on the surface of the 
band focused in a microscope with calibrated fine-adjustment. 
By a series of readings, the join of the light and darker parts is 
seen to be about 0-064 mm. below the edges of the band. The 
two parts may be regarded as planes inclined 2° 18’ and 2° 3’ 
respectively to that of the Figure. The left-hand edge of the 
bar had also been polished, and with the inclination of the hand 
on it, the slip was deduced parallel to the plane 


3:332 + 3-97y-2-1lz-50=0. . Se ed (1). 


Its amount and direction were found from the relative displacement 
of the two points (4-2, 9) and (3-5, 8-2). Assuming the first to be 
at rest, the resultant relative slip of the other point is 0-102 mm. 
The resultant slip makes angles of 53° 6’, 120° 12’, 51° with the 
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positive direction of the x, y and z axes, respectively. Considering 
the accuracy of the measurements, the angle of 13° 47’ which 
the direction of the resultant slip makes with the plane (1) is 
not a serious error. The upper and light part of the band is 
1-56 mm. wide. The relative resultant displacement of its sides 
was 0-102 mm. The number of crystals was 4] per mm.; thus 
each crystal contributed to a displacement of about one-fourteenth 
of its width. The component of the contribution in a direction 
parallel to the length of the bar, and expressed as a percentage 
of the width of the crystal, is 3-5 per cent., and is somewhat less 
than the extensions of those testbars when the Piobert effect 
had spread through the entire gauge length (Part II.). The shear 
force, considered as acting parallel to the slip plane so that 
plastic distortion may occur, was about 1-01 x 10° dynes per sq. 
cm. The shear strain, considered as the ratio of the relative lateral 
movement of two parallel planes of slip to the distance between 
them, was 0:07. The stress normal to these planes was 1-5 x 
10° dynes per sq. cm. 

Some interpenetration of two distorted domains may occur 
about the point (5:2, 5-9). Presumably, this happens only to a 
small extent since the general spread of distortion occurs at nearly 
constant stress. 

Fig. 6 (Plate IX.): The surface shown was near the middle 
of the test portion and adjoins that of the previous Figure. Both 
edges of the bar are shown, and similar axes are attached. The 
cruciform shape of the large distorted domain is of interest ; 
here minute necking of the bar occurred, and the left- and right- 
hand edges contracted 0-14 and 0-091 mm., respectively. It 
suggests the ‘‘ contractile cross ” effect occurring at much greater 
strains near fracture. Closer study shows the sides of the bar to 
consist of straight segments parallel to the rulings nearby. Thus 
the distortion of the metal is of a discontinuous nature compared to 
the “ contractile cross’ effect, where the distorted surfaces are 
smoothly curved. The causes of both effects may be similar. 
The surface discontinuities in the domain appear straight, tending 
to meet at (4-8, 7-2) near the centre of the domain. This suggests 
flow in their direction. The top of the Figure and its bottom 
right-hand corner show undistorted domains. 

The distortion was not very complex, and a description of the 
three rulings through the points (2-9, 10), (4:55, 10) and (8-7, 10) 
is typical. The first ruling leaves the undistorted domain at the 
point (2-9, 11-2) and deviates 1° from the y axis; it then passes 
to (2-95, 8-4) where it deviates 45’ towards the y axis. At (2-95, 
7-3) it deviates about 1°, and 1° at (2-9, 6-5), both towards the 
y axis. Entering the undistorted domain at (2-9, 4-6) it deviates 
about 1° 30’ from the y axis. The second ruling, on entering the 
distorted domain, devia.es 30’ from the y axis. After passing 
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about half-way through, it deviates 30’ towards the y axis. 
Kntering the undistorted domain below, it deviates 30’ from the 
y axis. The third ruling has more segments, with deviations 
comparable to the above but ge nerally in a correspondingly 
opposite direction. The domain may thus be divided into pre- 
sumably plane areas containing straight segments, which are 
not generally parallel in an area, since deviations decrease as the 
longitudinal central axis of the bar is approached. It suggests 
that the slip decreases where such wedge-shaped areas exist. 

The roughly triangular light area with corners at (2-5, 4-5), 
(8-8, 3-3) and (5-2, 6-5) appears to have been formed later than 
the two inclined bands adjoining, and may serve to equalise 
stresses near the centre of the bar caused by the flow in the bands. 
The same tendency {o interaction of two inclined bands is seen 
at the top of the Figure. The rulings are straight in the triangular 
area, but on the right- and left-hand sides the deviation is towards 
the central axis. 

Bar B.—Longitudinal and transverse lines were ruled on the 
bar. The test portion was initially 0-715 in. wide by 0-22 in. 
thick. It was loaded steadily to 16-8 tons per sq. in., then the 
load was removed. The effect spread quickly over the surface 
of the bar. 

Fig. 7: Distortion at a shoulder of the testbar is shown. 
There were smell accidental notches in the shoulder about the 
points (2-6, 5-3) and (12-8, 6-5). A broad and regular area of 
distortion at “iis shoulder crosses from one edge of the bar to 
the other. The longitudinal rulings deviate in passing from the 
shoulder into this area. The deviations of the six rulings on the 
right-hand of the figure, in order from the edge, were 45’, 20’, 
10’, 10’, <10’ and 5’, and on the left-hand side, in order from 
the edge, were 60’, 45’, 45’, 45’, >0’, >0’, towards the central 
line. The rulings in the area are very nearly straight and suggest 
flow towards the central line. The only transverse ruling clearly 
traceable through the area is that at y = 8-4; it is straight from 
one edge of the bar to the other. Below the area the distortion 
is more complex 

Part of the bar adjoining that shown in Fig. 7 was examined. 
Pands of distorted metal extended from one edge of the bar to the 
other edge, inclined at about - 131° to the yaxis. The transverse 
lines in an undistorted domain deviated, on an average, about 
1° 15’ from the x axis on entering a band. The longitudinal 
rulings deviated, on an average, about 1° 38’ towards the y axis 
in passing upwards and entering this band. In a similar way as 
before, it was deduced that slip in the band is parallel to the 
plane 3-652 + 4:05y-50 =0 within a certain region. The 
variation in the width of the bar caused by slip is shown in Fig. 10. 
The bar was divided longitudinally into } in. lengths whose change 
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on distortion 34, is plotted. Its width is plotted also. The abscissa 
is the distance along the bar from shoulder to shoulder. The 
test portion was not all distorted. The two curves vary inversely. 


The part of the bar shown in Fig. 7 corresponds to the abscissa 
interval 3-8 to 3-25, and the other shoulder to 0 to 0:5. Width 
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variation along testbars during the yielding of silicon constructional 
steel is given by Kuntze and Sachs‘) ; the usual horizontal part 
of the stress-strain curve may consist of two horizontal parts. 
Summary and Discussion. 

The purpose of Part IIT. of this paper is to describe experiments 
on the nature of the distortion within the distorted domains 
associated with the Piobert effect. Differences (discussed on 
pp. 83 and 84) were found between the distortion visualised by 
other workers and that obtained in the experiments, but the usual 
assumption that the distortion is slip of layers of particles 
over each other is confirmed. 

A distorted domain may be divided into smaller domains or 
areas in which the slip may be represented by a model consisting 
of a pack of cards capable of sliding over one another, the cards 
being ribbed or grooved so that they can slide over each other 
in one direction. In the simplest case, it seems that the slip may 
be represented by the sliding of each card a constant amount 
over its neighbour, since the rulings remain straight and parallel 
(cf. the conspicuous inclined band in Fig. 5, and p. 85). In less 
simple cases, the rulings remain straight but not parallel, suggesting 
variation of the amount of sliding (cf. the broad area of distortion 
at the top of Fig. 7, and p. 88). 

The cause of the slip is shear, as in a part of the gauge length 
of a tensile bar away from the shoulders, where stress concentration 
may be expected, there is a marked tendency for the distorted 
domains to form prominent bands inclined to the directions of 
the applied stress at angles near those of maximum shear stress. 
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The slip velocity of the layers is reduced to zero—presumably by 
work-hardening. The growth of distorted domains suggests 
that the areas in which slip is uniform are not formed by instanta- 
neous slip of all layers but rather by successive slip. There is 
evidence *® that the traces of slip planes in individual crystals are 
nearly parallel in the distorted domains. 

Since the Piobert effect resembles the slip of planes of particles, 
it may be like the distortion of the single crystal, and its mechanism 
may also be similar. Taylor considered materials which lose 
their power to withstand shear stresses when they yield, and the 
yielding of successive grains might be expected to produce an 
increasingly heterogeneous distribution of internal stresses. To 
trace the effect of this heterogeneity on the yield properties of 
the whole granular mass, a hypothetical material was imagined 
with the property that when any portion yields a!l shear stresses 
vanish but the compressibility remains unaltered. This material 
had the property that the greatest stress concentrations occur 
when elongated faults lie at 45° to the directions of the principal 
stresses, so that faults, once started, would propagate themselves 
along lines at 45° to these directions. This property seems to 
have its counterpart in real materials which can exhibit the 
Piobert effect.(7) : 

An aggregate of iron crystals seems, then, to favour this 
uniform propagation of faults. Propagation of the Piobert effect 
is probably due to stress concentration. The nature of the effect 
seems such as to bring the aggregate into a condition where this 
particular propagation of faults does not occur on increase of 
stress. 
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CORRESPONDENCE. 


Dr. Ing. A. NApat (East Pittsburgh, Pa., U.S.A.) wrote that 
the regular pattern of lines, which could be observed on the surface 
of pieces of mild steel just after the stresses had reached the plastic 
limit, had been studied by engineers who had reported on these 
strain lines a number of times. Although many points with 
reference to the laws of the formation of these regular patterns 
had been fully described, other details were still perhaps not quite 
sufficiently known and were worth while being investigated. The 
efforts of the author of the present paper to investigate carefully 
the formation of strain figures on deformed steel therefore deserved 
to be commended. 

The paper by Dr. Fell left on the writer the impression that, 
according to the author’s belief, the formation of these regular 
patterns was characteristic particularly or exclusively of mild steel. 
The spirals around the impression of a cylindrical stamp left on 
the polished surface of a mild-steel block mentioned in the paper 
would be an example of the effect. When a round stamp or a 
hard steel ball was pressed into mild steel the typical logarithmical 
spirals would be seen on the surface, whereas if the same test was 
repeated with soft copper or aluminium, spirals could not be 
observed, only a uniform area of flow. That had been confirmed 
both by the author of the paper and by the writer in experiments 
made several years ago. It seemed, however, that from the 
negative result in the case of a concentrated pressure test made 
with copper or aluminium it did not conversely follow that the 
effect was completely absent in such metals as copper or aluminium. 
The formation of thin layers of plastic material could be influenced 
artificially. If the conditions were made similar to those which 
were thought to be essential for the formation of strain figures in 
steel, localisation of flow could be found. The author quoted 
a number of observations describing surface patterns of a regular 
nature obtained with other materials. On soft paraffin-wax 
cylinders compressed in an axial direction very regular helical 
lines crossing each other had been seen. When repeating the 
experiment mentioned above with the stamp, however, spiral 
lines again did not appear on paraffin wax. H. Meyer and F. Neh! 
had demonstrated by etching an axial plane cross-section of a 
compression cylinder of mild steel that conical surfaces of slip 
formed during a compression test, starting at the edges. This 
same localised effect of deformation (namely, conical surfaces of 
shear) had, on the other hand, been found incompressed paraffin-wax 
cylinders by the writer. That, in the case of the experiment with a 

1 Stahl und Eisen, 1925, vol. 45, p. 1961. 
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stamp on paraffin-wax, spiral lines did not become visible was due 
to the extremely low tensile strength of this material. Where 
tensile stresses were present, uniform yielding was prevented by the 
formation of tension cracks. It was, however, noteworthy that, 
as in the case of the internal conical surfaces of slip just mentioned, 
in simple compression tests, in axial sections through a paraffin- 
wax block, after an impression of a stamp had been made, a curved 
line could be detected in the interior, starting from the edges of the 
impression. Strain lines with a similar orientation had been found 
in the interior of blocks under concentrated pressure areas in 
mild steel. 

Surfaces of slip had also been studied in perfectly loose 
materials, such as sand. It might perhaps appear at a first 
glance strange to connect here observations of such a heterogeneous 
nature as the formation of strain lines in a plastic metal, such as 
mild steel, with that of the surfaces of slip in perfectly loose 
materials, such as sand. There was, however, an important 
reason why this had an advantage: It was given by the fact that 
the orientation of all these surfaces accompanying yielding or 
partial or total fracture was so intimately and regularly related 
to the orientation of the principal axes of stress in deformed 





TENSION COMPRESSION 
Fia. A. 


bodies. It had been variously pointed out that certain geometrical 
properties and the laws of formation of these surfaces of slip 
were essentially the same or closely related. Their presence in 
plastically-deformed metals might be inferred by analogy or by 
observation. (The surfaces of slip had a definite relation in their 
orientation to the state of strain, and the orientation of the 
resulting stream lines of plastic flow again depended on them.) 
From a mechanical point of view, it was highly interesting to 
note the great difference between the effect of a small disturbance 
or of a slight local concentration of stress upon the corresponding 
disturbance produced in the state of strain in elastic bodies and in 
the plastic state of deformation. In elastic bodies the increase of 
strain was limited to the small region of stress concentration. 
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When materials yielded under a sharply defined yield stress, 
however, and this stress was just reached, the effect was a com- 
pletely different one. A localised disturbance of stress now caused 
a disturbance of strain which spread immediately to very large 
distances (compared with the dimensions of the region where the 
stresses were higher). Plastic strains would appear in two thin 
layers, starting from the point of stress concentration. This was 
illustrated by the sketch, Fig. A. The surfaces along which 
disturbances or discontinuities in the distribution of strains 
travelled were the surfaces of slip. 

Another point of a metallurgical nature perhaps deserved to 
be mentioned. A number of observations would seem to indicate 
to the writer that in mild steel the ferrite grains were surrounded 
by a rigid and brittle skeleton or framework. At the upper yield 
point this skeleton, which had prevented plastic slipping of the 
ferrite grains under lower stresses, collapsed. As soon as it was 
sufficiently weakened and broken, the grains could start to deform 
plastically, in the same way as a single iron crystal would do. 
In soft copper there was no solid frame preventing the first 
slipping of the crystal grains. 

With regard to Fig. 8, the writer observed that in these 
load/extension curves no indication was given of the upper and lower 
yield points, which were a characteristic feature of the formation 
of strain figures in tensile tests with mild steel. This was due 
probably to the type of testing machine used in the experiments. 
The author mentioned that during the tests the balance weight 
on the beam was moved only in one direction. This prevented 
the observation also of the upper yield point, which was believed 
to be closely associated with the first starting of a strain figure. 

Summing up the preceding, it seemed to the writer that the 
phenomenon of macroscopical slip, which was so impressively 
demonstrated through the formation of regular strain figures in 
mild steel and the recent observations of the author of the present 
paper, was perhaps a general and essential feature of the mechanism 
of plastic flow in an aggregate of crystals, solidly joined, or of 
the first movement from a state of equilibrium in quite loose 
materials. The recent advances made in finding a comparatively 
simple mechanism for the discontinuous slip in single metallic 
crystals (G. I. Taylor’s “dislocations” travelling through the 


1They were the analogue to the surfaces along which, for example, a dis- 
continuity in pressure would travel in a compressible liquid. These surfaces 
(or curves in plane problems) were known as the “ characteristics”? of the 
corresponding differential equations. In the case of plastic strain it could be 
shown that the surfaces of slip were the characteristics of the differential equations 
for the strain or displacement components. Such surfaces, along which dis- 
continuities would spread, were impossible in elastic bodies ; they were, however, 
a consequence of the particular type of differential equations obtained in the case 
of plastic bodies. 
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lattice) would seem to indicate that microscopical slip in a crystal 
as well as the macroscopical slip in aggregates of crystals, in which 
thousands of grains were moved at once in a number of distinct 
layers (mild steel), were related mechanical phenomena. Similarly, 
as the thermal agitation in the lattice, together with the presence 
of some irregularity in the binding of the elements of a lattice 
structure, caused a discontinuous effect and slip occurred first 
in individual planes instead of in a continuous w ay, the plastic 
equilibrium in mild steel temporarily (just when the plastic 
deformations started) became unstable. For continuous yielding 
throughout the whole region of highest stresses, a slightly higher 
resultant foree was needed than that necessary for maintaining 
non-uniform yielding in thin layers. In the cases when there 
was no definite yield stress and plastic limit (soft copper), the 
conditions at first were different, and yielding, on the contrary, 
must affect the whole aggregate gradually. At higher stresses 
(strain-hardened copper), however, cases of partial yielding in 
thin layers were still possible when a slight stress concentration or 
a soft inclusion localised the plastic flow. 


Mr. Henry 8. Rawpon (Department of Commerce, Bureau of 
Standards, Washington, U.S.A.) wrote that, in his opinion, the 
practical importance of studies of the ‘ Piobert effect ”’ was not 
fully realised, as a rule, by materials-testing engineers. In 
particular, the fact that yielding in soft steel was a decidedly 
localised phenomenon, for which considerable time was required 
for it to progress throughout the entire volume of metal under 
stress, was not appreciated. Too often, it was tacitly assumed 
in conducting a tension test that the “ permanent set’ which 
might remain on releasing the load after yielding had occurred, 
was uniformly distributed throughout the reduced section of the 
specimen. The prolonged discussions and controversy concerning 
the value and significance of ** yield point ” and “ elastic limit ’ 
determinations in tension testing would undoubtedly have been 
greatly reduced had such discussions been predicated upon 
accurate and adequate knowledge of the deformation changes 
in steels which studies of the Piobert effect served to demon- 
strate so strikingly. 

The newer concept of “ yield strength ’’—that was, the stress 
required to produce a specified permanent set, for example, 
0-002 in. per in.—was now favoured by most American materials- 
testing engineers. That was a distinct advance over the older 
vague concepts of “ yield point’ and “ elastic limit.’’ It was, 
however, decidedly empirical in its nature and might not fully 
‘tie in’ with the facts. Studies of the strain markings on mild- 
steel specimens under tension, corresponding to the yielding 
which started at and progressed inwardly from the ends of the 
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reduced section of the bar under load, carried out by the writer 
several years ago and referred to by the author, had shown that for 
long specimens (18 in.) the “ yield strength’ of the material as 
calculated from the total permanent set and the nominal gauge 
length could be reached before the greater part of the specimen 
had been permanently altered at all. 

In some materials, however, of which the austenitic steels 
were notable examples, yielding in a tension bar under stress was 
distributed very uniformly throughout the entire reduced portion 
of the specimen. It followed, then, that in the latter case, yield 
strength—defined, for example, as the stress producing a per- 
manent set of 0-002 in. per in.—had a definite physical meaning, 
whereas in the other case it might be an entirely fictitious quantity. 

Another useful application which the writer had made of the 
Piobert effect was for testing the accuracy of the initial axial 
alignment of flat specimens in the tension tests. Almost invariably, 
the initial “‘ yield ’’ resulted in the formation of a “‘ wedge” of 
deformed metal near the fillet at each end of the bar. These two 
wedges were located, one on each side of the bar. Their formation 
was the first indication of yielding, and their position was indicative 
of lack of absolutely true axial alignment of the specimen. That 
had been observed repeatedly, even with the best * self-aligning ”’ 
grips obtainable. 





AUTHOR'S REPLY. 


The AutHOR, in reply, wrote that Dr. Nadai’s contribution was 
much appreciated. The Piobert effect and the “contractile 
cross ”’ effect in soft steel, the patterns in copper and the wave 
forms in aluminium, the spiral and other patterns in wax, &c., 
were regarded as fundamentally related because of their regular 
nature and orientation relative to the direction of the applied 
stress and of the maximum shear stress. Since different solids 
varied in plastic behaviour under load, the patterns might be 
expected to vary. In particular, those in soft steel, which were 
given the name of “ Piobert effect,’ were regarded as a group by 
themselves, owing to their distinctive form, associated as they were 
with the sudden and extensive yield peculiar (in general) to iron 
and soft steel. The paper was meant to be a study of the Piobert 
eifect ; it was an interesting property of an aggregate of ductile 
crystals (iron) and it demonstrated very simply slip along planes 
through the aggregate. 

In Brinell tests described in the paper, copper, aluminium 
and other metals (excluding iron and soft steel) did not show the 
Piobert effect, and the only conclusion which it was desired to 
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draw from this was that the samples would not show the effect 
if they were tested differently, as in tension for example. Regarding 
Fig. 8, it was true that little indication was given of the so-called 
lower yield point, since the balance weight (connected to the load 
recorder) on the beam of the machine was moved in one direction 
only during a test. The so-called upper yield point was regarded 
as the point at which the large yield began. 

Mr. Rawdon’s contribution was very welcome. His view as 
to the value of studies of the effect was appreciated, for not only 
were they concerned with the behaviour of aggregates of crystals, 
but with the strength of materials as well. 


1935—in H 








THE PROPERTIES OF SOME LOW-NICKEL 
STEELS CONTAINING MANGANESE.* 


By R. H. GREAVES, D.Sc. (REsEarcH DEPARTMENT, WOOLWICH). 


ABSTRACT. 


The mechanical properties of steels containing 0-3 to 0-4 per cent. 
carbon, 0-7 to 1-35 per cent. manganese, and 0-5 to 2-0 per cent. nickel 
have been examined. 

In the normalised condition a steel containing 0-35 per cent. carbon, 
1 per cent. manganese and 1 to 1-5 per cent. nickel gives better mechanical 
properties than those previously obtained from 3 per cent. nickel steel, 
1-4 per cent. manganese steel and silico-manganese high elastic limit 
steels, 

Steels of approximately this composition do not harden fully when 
quenched in oil in sections } in. thick, and are subject to mass effect, but 
their mechanical properties in the oil-hardened and tempered condition 
are equal to those for which 3 and 4 per cent. nickel steels of similar 
carbon and low manganese contents are frequently employed. 

It would appear that, in suitable circumstances where a yield point of 
over 32 tons per sq. in. is required, with maximum load over 45 tons per 
sq. in. and impact figure over 40 ft.-lb., oil-hardened and tempered 
steels containing 0-35 to 0-40 per cent. of carbon and 1-0 to 1-3 per cent. 
of manganese with about 1 per cent. of nickel may be used with economic 
advantage in sections up to 24 in. in thickness in place of 3 per cent. 
nickel steel. If a high impact figure is required and the section to be 
treated exceeds 24 in. in thickness, it may be necessary to reduce the 
carbon to 0-30 and increase the nickel to 1-5 or even 2-0 per cent., since 
steels with the higher carbon content indicated above, when treated in 
large sections, give an impact figure below 40 ft.-lb. 


Apart from the investigations of Guillet,“ and of Carpenter, 
Hadfield and Longmuir,'?) very little published information 
about manganese-nickel steels is available. Jones?) investigated 
the influence of manganese on nickel steels, but did not increase 
the manganese content above 0-8 per cent. nor reduce the nickel 
content below 3 per cent. The mechanical properties of some 
manganese-nickel-copper steels are quoted by Rhodes.') 

It has been shown by Jones) that in the normalised con- 
dition a steel containing 1-4 per cent. of manganese has mechanical 
properties not unlike those of a steel of similar carbon content 
containing 3 per cent. of nickel, and the present investigation 
was undertaken to ascertain whether a part of the nickel in nickel 
steels could be replaced by manganese. The steels examined 
contained up to 2 per cent. of nickel and up to 1-35 per cent. of 
manganese. They can be divided conveniently into four groups : 

* Communication from the Research Department, Woolwich, received June 
1935. 
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Group. Steels. Carbs n. Manganese. Nickel. 
7 7 /o 
I. lto4 0:3 1-1 0:5 to 2-0 
ta 6 to 9 0:3 1-35 0-5 to 2-0 
III. 10 to 13 0-4 0-7 0-5 to 2-0 
IV. 14 to 17 0-4 1-0 0-5 to 2-0 
5 0-35 1-2 1-0 


Normalised Steels. 

Specimens of the steels were normalised at a series of temper- 
atures between 860° and 740° C., and their mechanical properties 
determined. In all cases the best properties were obtained by 
normalising at temperatures in the neighbourhood of 800° C. 


TaBLE I.—Tensile, Brinell Hardness and Notched-Bar Impact 
Tests (Longitudinal) on Steels Normalised and Slowly Cooled 
from 800° C. 


Sections: 5 x 1} x fin. 






























































| 
“ 
; as | Ss 
wig | eis z a2 | 53. 
S 3 @ 2 2 | os 
ee 7 a gE | 2c] HA &2 | wer 
z| 8 ee 213 |$-z 2 Es | £25 
g| 4% & & | & | SF] S5 ea | = em 
al & = % |e jee] Re amg |< 
1 0-34 1:04 | 0°45 N, 27 | 28-0 | 41°6 | 0°67 | 31 62 190 40 
S.C. | 21 | 24-0 | 39-7 | 0-60 | 27 | 55 176 38 
2 | 0-33 | 0:99 | 0-97 | N. 25 | 26-6 | 41:9 | 0-63 | 30 | 64 192 36 
S.C. | 22 | 24-0 | 39-9 | O-6u | 29 | 55 176 26 
3 | 0°33 1-04 1°45 N. 29 | 30-6 | 44°0 | 0-70 | 31 64 202 53 
S.C. | 27 | 28-4 | 42-0 | 0-68 | 29 | 57 188 44 
4 |) 0°32 1-08 1°95 N. 23 | 31°0 46-4 67 | 27 | 58 211 53 
S.C.| 26 | 29-4 | 44-1 )*67 | 28 | 57 197 41 
5 | 0°36 | 1°18 | 1-08 | N. 30 | 32-4 | 45:9 | 0-70 | 30 | 64 213 66 
S.C. | 25 | 27-4 | 43-9 | 0-62 | 29 | 63 200 49 
6 | 0-32 | 1°35 | 0°47 | N. 26 | 28-2 | 43-4 | 0-65 | 31 | 68 197 43 
S.C. | 24 | 25-6 | 41-2 | 0-62 | 29 | 57 183 38 
7 | 0-33 | 1-35 | 1-03 | N. 28 | 31-4 | 47-0 | 0-67 | 28] 64 216 50 
8.C.] 28 | 30-0 | 44-6 | 0-67 | 28 | 59 198 34 
8 | 0°30 1-32 1:49 | N. 28°0 | 47-4 | 0°59 | 26 | 56 219 27 
S.C. 27°0 | 43°7 | 0-60 | 28 | 57 194 41 
9 | 0°29 | 1°27 2-06 | N. 27-0 | 50°8 | 0°53 | 23 | 43 233 21 
8.C. 25°8 | 45°1 | 0°57 | 26 | 55 199 29 
10 | 0°40 | 0°66 | 0°45 | N. 26-0 | 41-0 | 0°63 | 30 | 56 183 31 
8.C, 22-0 | 39-2 | 0-58 | 29 | 51 170 22 
11 | 0°36 | 0-71 | 1:02 | N. 27-0 | 41:7 | 0°65 | 29 | 57 190 $2 
S.C. 24-4 | 39-9 | 0-61 | 28 | 52 174 25 
12 | 0:40 | 0°68 | 1-47 | N. 29-0 | 43-9 | 0-66 | 27 | 55 200 30 
8.C. 25°8 2-2 | 0-61 | 26] 49 182 24 
13 | 0-41 0-69 1°98 | N. 27 29-2 | 45-4 | 0°65 | 27 | 56 207 29 
8.C.| 2% 26-0 | 43°6 | 0°60 | 26 | 50 192 21 
14 | 0°38 | 1°10 | 0°43 | N. y 28:6 | 45:1 | 0°63 | 28 31 202 33 
S.C. | 24 | 26-0 | 42°6 | 0-61 2 55 187 25 
15 | 0°39 1°10 1:00 | N. 29 30°8 | 47°8 | 0°64 | 27 59 |» 220 38 
8.C.| 24 | 26-8 | 45-4 | 0°59 | 27 | 55 201 27 
16 | 0°38 1:07 1°37 N. 2% 30°38 | 47:1 0°65 | 27 | 59 215 37 
S.C.] 25 | 26-8 | 45-4 | 0°59 | 27 | 56 199 23 
17 | 0°37 | 1°03 | 1-96 | N. 20 | 30-0 | 47-8 | 0°63 | 26 | 55 221 31 
S.C. 1 26 | 28-4 | 45-9 | 0-62 | 26 | 58 203 24 























*N = Normalised. S.C. = Slowly cooled at 14° C. per min. 
1See note on p. 113. 
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Addition of both manganese and nickel to the steels improves 
the mechanical properties without serious loss of ductility, but 
increase of the total alloy content beyond certain limits causes 
a tendency to air-hardening. The limits of manganese and nickel 
content which will avoid this tendency appear from the present 
work, and that of Jones‘*) to be :— 


Manganese. Nickel. 
% % 
0-7 3:0 
1-0 1-5 
1-35 1-0 


Steels 4, 8, 9 and 17, in which these limits are exceeded, all 
show the wide interval between elastic limit and yield point in 
the normalised condition which is characteristic of steels which 
tend to be air-hardened. The effect is most marked in steels 
8 and 9, and tempering these steels after normalising shows 
definitely that there has been some air-hardening (see Table II.). 


TaBLe II.—Tensile, Brinell Hardness and Notched-Bar Impact 
Tests on Steels Normalised at 800° C. and Tempered for 2 hr. 
followed by Cooling in Air. 


Sections: 5 x 1} x jin. 
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8 | 0-30 | 1:32 | 1-49 |N.T.*] 14 | 28-0 | 47-4 | 0°59 | 27] 56] 219 27 
400 | 23 | 29-6 | 47-1 | 0-63 | 29 | 59 | 219 38 
500 | 26 | 30-6 | 45-9 | 0-67 | 29 | 58 | 216 46 
600 | 29 | 30-8 | 43-4 | 0-71 | 31 | 64] 203 56 
9 | 0-29 | 1-27 | 2-06 |N.T.*] 10 | 27-0 | 50-8 | 0-53 | 23 | 43 | 233 21 
400 | 22 | 31-0 | 49-3 | 0-63 | 25 | 57] 231 23 
500 | 23 | 30-6 | 46-4 | 0-66 | 26 | 57 | 216 41 
600 | 27 | 31-6 | 44-0 | 0-72 | 28 | 63 | 209 49 















































*N.T. = Not tempered. 


A comparison of the properties of steels 3 and 5 with the best 
of the manganese, nickel and silico-manganese high élastic limit 
steels examined by Jones‘ (see Table III.) shows the nickel- 
manganese steels to be superior in every respect. The 1-4 per 
cent. manganese steel of Jones is approaching the limit beyond 
which the mechanical properties can no longer be improved by 
addition of manganese alone, since a manganese content in excess 
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TaBie III.—Comparison of Mechanical Properties of Normalised 
Nickel, Manganese, Silico-Manganese and Nickel- Manganese 


Steels. 
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3 | 0°33 | 1:04] .. | 1°45 | 800 | 29 | 30-6 | 44-0 | 0-70 | 31 | 64 | 202 53 | 
5 0°36 | 1-18 oe | 1-03 | 800 | 30 | 32-4 | 45-9 | 0-70 | 30 | 64! 213 66 
! | | | | | 








* A, B,C: Steels examined by Jones 


of 1-6 per cent. makes the steel liable to air-harden, while 3 per 
cent. of nickel seems to be about the useful limit for niekel struc- 
tural steels. 

It appears, therefore, that the combined use of nickel and 
manganese will give mechanical properties better than can be 
obtained by the use of either alloying element singly. 

Steels 1 to 9 were tested in the transverse direction after 
normalising and after slow cooling at 14°C. per minute from 
800°C. The results, given in Table IV., show good ductility 
in this direction. 

The microstructures of the normalised steels showed a uni- 
formly small grain size of which Fig. 4 (Plate X.) (steel 3) may be 
taken as typical. The tendency of some of the steels to air- 
harden is shown in Fig. 5 (steel 9). 


Oil-Hardened and Tempered Steels. 

The mechanical properties of the steels in the oil-hardened 
and tempered condition are given in Table V. 

Variation of the hardening temperature over the range 820° 
to 1,000° C. does not appear to affect the mechanical properties 
greatly, except in the cases of steels 10, 11, 12 and 14. A high 
hardening temperature causes a marked reduction of the impact 
value in these four steels. Since the first three of these steels 
are in the lower manganese series, and steel 14 contains only 0-5 
per cent. nickel, it appears that both manganese and nickel raise 
the upper limit of temperature from which hardening can be 
carried out without the mechanical properties being adversely 
affected. 

Although most of the steels do not suffer a serious deterior- 
ation of properties by hardening from so high a temperature 
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TaBLE I[V.—Tensile, Brinell Hardness and Notched-Bar Impact 
Tests (T'ransverse) on Steels Normalised and Slowly Cooled 
from 800° C. 


Sections: 5 x 1} x jin. 




















































































. | 
= ee 

° — Z < = 

o i tes = 

si .]|] £1 “1 @ IAs = | 2) 8%) Ss 

=} § a = =e ioe & Sit = 

— 2 & S = pe a - tei s 3 = 

s| = 3 S jac a| 3 s|z o5 

> 3 es = eB isk 2 “ to rtd 

n oO e “a & ah es al mes <5 
1 | 0°34 | 1-04 | 0°45 | N. 22 | 25-4 | 42-2 | 0-60 | 27 | 54 188 30 
8.C.] 21 | 24-0 | 40-4 | 0°59 30 | 52 180 27 
2 | 0°33 | 0:99 | 0:97 N. 21 24°83 | 42°4 | 0-58 | 28 | 56 193 29 
8.C. | 19 | 22-6 | 40-4 | 0°56 | 29 54 180 22 
3 | 0°33 | 1°04 | 1°45 |] N. 28 | 31:0 | 44°8 | 0°69 | 27 | 55 202 40 
8.C.}] 23 | 27-6 | 42°6 | 0°65 27 57 192 33 
41 0°82 | 1-08 | 1°95 | N. 20 | 29-2 | 47-4 | 0-62 | 26 | 51 212 32 
8.C.} 2 28°4 | 44°5 | 0-64 | 26 | 55 199 29 
6 | 0°36 | 1°18 | 1°03 | N. ; "2 | 46-3 | 0°63 28 | 57 207 40 
S.C. 5 | 27°6 | 44°1 | 0°63 | 27 52 197 32 
6 | 0°32 | 1°35 | 0-47 | N. 2 | 27-2 | 44-2 | 0-62 | 26 | 54 198 34 
S.C. | 23 | 25-8 | 42-0 | 0-61 | 27 | 50] 186 27 
7 | 0°33 | 1°35 | 1-03 | N. 24 | 31-4 | 47°8 | 0°66 | 25 | 50 216 31 
S.C. ] 26 | 30°4 | 45°5 | 0°67 26 | 54 203 26 
8 | 0:30 | 1°32 | 1-49 | N. 1 | 26-2 | 49-5 | 0-53 | 22 | 43 220 22 
S.C 22 | 26°4 | 44°5 | 0°59 | 26 2 202 27 
® | 0-20 | 1-27 | 2-06 | N. 9 | 26°8 | 51-9 | 0-52 | 21 39 234 19 
S.C. | 16 | 26-4 | 45:4] 0-58 | 25 | 50 | 20a | 37 

* N. = Normalised. §.C. = Slowly cooled at 14° C. per min. 


as 1,000° C. there seems to be a slight advantage in using a lower 
hardening temperature, probably about 850° C. 

Fig. 2 shows the mechanical properties of the steels oil-hardened 
from 900°C. and tempered at 600°C. Both manganese and 
nickel improve the elastic properties, maximum load and yield 
ratio while causing only a slight reduction in ductility. 

Although the steels were not fully hardened by quenching 
in oil, the properties after hardening and tempering compare 
favourably with those of 3 and 4 per cent. nickel steels treated in the 
same scection,’?) and it seems likely that in certain cases some of 
the steels could be used in place of steels with a cousiderably 
higher nickel content. 


Mechanical Properties of Steels Treated in Various Sections. 

The effect of mass on the mechanical properties of a selection 
of the steels oil-hardened from 900° C., tempered at 600° C. and 
cooled in air is shown in Table VI. 

The steels containing 0-4 per cent. carbon all showed a 
considerable reduction in impact value when the size was increased 
beyond 1? x # in., but this effect did not appear in the steels 
containing 0-3 per cent. carbon up to across-section of 3} x 2}in. 
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TaBLe V.—Tensile, Brinell Hardness and Notched-Bar Impact 
Tests on Steels Oil-Hardened and Tempered for 2 hr., followed 
by Cooling in Air. 


Sections: 5 x 1} x jin. 






































| { 
| | | | lee 
| a| 34] 3 
| wa rere oe - | & 
S| en} an| & | nm 
| o| °. s| ° Su | Bul & at 
vA s @ bs os mS, | = r sees Ss 
| $i 2 e| # 2\ #2) 2) ce 
| a| 6 a | & ma | Ba] A | <= 
1 | 0°34 | 1:04 | 0°45 [1000 | 600 | 28 | 33-6 | 46-2 | 0-73 | 23 63 | 218 55 
| (| 550 | 31 | 33-4 | 46-9 | 0-71 | 24 | 65 | £3 45 
H | 900 / | 600 | 26 | 31:0 | 45-1 | O° 208 | 60 
| | | {| 650 | 25 | 28-4 | 42°3 7 195 | 58 
| | | 820 | 600 | 28 | 31-0 | 44°8 | 0 208 | 66 
| | 
| 9! 9-33 | 0-99 | 0:97 {1000 | 600 | 30 | 33-6 | 45-8 | 221 | 36 
| | | (| 550 | 29 | 35-6 | 48-7 | 233 | 32 
1 | 900. | 600 | 28 | 35-0 | 47-2 | 223 43 
| | | (| 630 | 23 | 30-6 | 43-3 199 | 49 
| | | | | 820 600 | 32 | 34°4 | 46°5 218 43 
| 3! 0-33 | 1-04 | 1°45 11000 | 600 | 33 | 41-6 | 51-2 234 54 
| | | | (| 550 | 34 | 38-6 | 50-2 247 | 67 
| | 900 600 | 31 | 36-0 | 47°6 228 | 69 
| } (| 650 | 24 | 32:0 | 43-5 200 | 76 
| | | 820 600 | 35 | 37°6 | 47°8 | 220 | 70 
| 4 | 0°32 | 1-08 | 1:95 {1000 | 600 | 36 | 44-0 | 53-0 251 54 
| | | (| 550 | 34 | 42-6 | 53-4 | 262 51 
| | 900- | 600 | 37 | 40-6 | 50-9 | 244 63 
(| 650 | 34 | 36-0 | 46-2 | 216 | 70 
| 820 | 600 | 40 2-4 | 50°7 | 242 66 
| j | | | | | | 
i} 5!10°36/ 1°18 1°03 |1000 600 36 | 44°8 | 53°6 260 52 
| (| 550 | 33 | 39-4 | 51-4 | | 238 62 
| } | 900 600 | 27 | 35-6 | 47°7 221 64 
| | (| 650 | 25 | 32°4 | 44°5 | 205 85 
| | | 820 600 | 34 | 37°0 | 47°6 223 | 69 
| 6 | 0°32 | 1°35 | 0°47 |1000 | 600 | 31 | 36°6 | 47:8 ‘77 | | 35 
| | | (| 550 | 31 | 35-4 | 48-2 73 38 
| | | 900 600 | 27 | 33°8 | 46°3 73 50 
| | | (| 650 | 27 | 31-0 | 43°3 *72 5 65 
| | | 820 600 | 31 | 35°6 | 47-2 | 0-75 | 25 | 64 | 8l 
| | | | | 
7 | 0-33 | 1°35 | 1-03 1000 | 600 | 33 | 40-8 | 51°6 | 0-79 | 23 | 59 | 247 | 47 
| | (| 550 | 36 | 41-4 | 53-0 | 0-783 | 24 | 59 | 246 | 55 
| | | 900 600 | 34 | 38-0 | 49°3 | 0-77 | 27 | 63 | 233 | 62 
| (| 650 | 31 | 34-0 | 44°7 | 0-76 | 27 | 65 | 209 67 
| | 820 | 600 | 35 | 38-0 | 49-2 | 0-77 | 25 | 68 | 24 | 72 | 
| | 
8} 0°30 | 1°32 | 1°49 ,1000 600 | 37 | 45°0 | 53°6 0-84 | 22 | 62; 260 | 31 | 
| | (| 550 | 37 | 43-0 | 58-5 | O-80 | 221} 57] 252 | 44 | 
| 900/ | 600 | 35 | 41-2! 51-0 | O-81 | 22 | 61] 236 | 66 | 
(| 650 | 29 | 34°4 | 45-2 | 0-76 | 25 | 62] 210 57 | 
| 820 | 6UU | 35 | 39-4 | 49°7 | 0-79 | 23 | 58} 246 74 | 





In connection with the impact values it should be mentioned 
that although the oil-hardening was carried out in the sizes stated, 
the tempering was cariied out on sections 1j x } in. from the 
centre of the larger pieces. The air-cooling after tempering was, 
in consequence, rather more rapid than would have been the case 
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TABLE V.—Continued 













































































| | “i ¢ 
| : | |e a 
3e | ois cE ao 
| — 35 3 
ae see | giz | S4 | 83 
; < =" 2 1S. eo 1S Ss 
© : & | Sls] oF ya 
A = = = | ¢ Sis eq | 23" 
ai ei2| 4 ele | &e | fas 
g e a 2 21d ps | >5™ 
nl} Oo a 4 | 3 Ix <= | <5 
| } } | | 
9 | 0-29 | 1-27 | 2-06 /1000 | 600 | 39 | & 63 | 264 34 
(| 550 | 36 bil 58 | 270 45 
| 900- | 600 | 38 E 64] 250 | 61 
| ( | 650 | 3 | 69} 219 | 84 
| 820 | 600 | 38 | 65 | 251 | 65 
| | | 
10 | 0-40 | 0°66 | 0°45 {1000 | 600 | 22 | 27-6 | 45-5 | 0-61 64 | 204 10 
| (| 550 | 28 | 30-4 | 46-8 | 0-65 58 | 208 31 
900 - | 600 | 27 | 28°8 | 43°9 | 0-66 62 198 39 
| {| 650 | 26 | 27-0 | 41-0 | 0-66 64) 181 36 
820 | 600 | 24 | 28-6 | 44 0} 0°65 65 | 205 39 
11 | 0-36 | 0-71 | 1-02 1000 | 600 | 20 | 27-8 | 45-5 | 0-61 57 | 203 6 
| | (| 550 | 27 | 31-0 | 46-0 | 0-67 58 | 201 | 34 
| | 900 | 600 | 27 | 28-2 | 43-1 | 0-65 65; 1938 ; 44 
| {| 650 | 24 | 27-0 | 41-1 | 0-66 | 66 | 182 41 
| 820 600 | 28 Thad 0 | 43-4 | 0-69 | 64} 198 46 
12 | 0-40 | 0-68 | 1-47 |1000 600 | 30 | 36-4 | 48-1 | 0-76 | 66 224 18 
| (| 550 | 30 | 32-8 | 49-1 | 0-67 | 61} 220 25 
900 - | 600 | 29 | 30-6 | 45-6 | 0-67 | 64] 207 35 
(| 650 | 25 | 28-6 | 43-0 | 0-67 | 30 | 65 | 197 | 36 
820 | 600 | 25 | 80-4 | 45°6 | 0-67 | 64 | 206 | 37 
| | | 
13 | 0-41 | 0-69 | 1-98 |1000 600 | 31 | 36-0 | 47-8 | 0-75 | 66} 221 | 47 
\ (| 550 | 36 | 39-0 | 51-9 | 0-75 | 62 241 46 
| 900 - | 600 | 32 | 33°0 | 47°4 | 0-70 | 26 | 65 222 | «47 
(| 650 | 24 | 30-4 | 44-0 | 0-69 68 |} 51 
| | 820 | 600 | 32 | 35-0 47-6 | 0-73 66 | 49 
| | | | 
14 | 0-38 | 1-10 | 0-43 |1000 600 | 24 28-4 | 46°2 | 0-61 63 q 
| (| 550 | 27 | 31-8 | 48°6 | 0-65 62 29 
}900- | 600 | 28 | 30-0 | 45-1 | 0-67 | 63 36 
| (| 650 | 27 | 28-6 | 43-1 | 0-66 | 68 42 
| 820 | 600 | 26 | 29-6 | 449 | 0-66 66 41 
| } | | 
15 | 0-39 | 1-10 | 1-00 |1000 | 600 | 32 | 40-8 51-1 | 0-80 65 | 234 69 
| (| 550 | 32 | 37-0 | 50-4 | 0-73 65 | 225 49 
900- | 600 | 33 | 34-4 | 47-2 | 0-73 65 | 215 | 68 
{| 650 | 30 | 32-8 | 44-3 | 0-74 67 | 202 76 
| | 820 | 600 | 30 hie 46-6 | 0-72 65 | 208 74 
16 | 0-38 | 1-07 | 1-37 |1000 | 600 | 28 | 36-0 | 0-76 165 | 222 | 45 
| (| 550 |} 33 | 39-8 0°76 | 61 247 63 
| 900- | 600 | 33 | 34-8 0-74 | 66 | 210 65 
| (| 650 | 30 | 31-2 0-71 | 66 | 204 71 
| 820 | 600 | 30 | 34-0 0-72 | 66 | 224 72 
| | | | 
17 | 0-37 | 1-03 | 1-96 |1000 | 600 | 37 | 39-4 | 49-1 | 0-80 | 65] 236 | 70 
| (| 550 | 31 | 40-6 | 52-7 | 0-77 | 62 249 64 
| | 900- | 600 | 32 | 35-8 | 47-2 | 0-76 | 66 | 224 78 
| | | {| 650 | 23 | 30-4 | 45-2 | 0-67 66 | 209 78 
| | 820 | 600 | 33 | 35-8 | 47-2 | 0-76 | 66 { 222 70 
| 








had the full section been tempered, and in those steels susceptible 
to temper-brittleness (sce later) the impact value obtained may 
be slightly high. 

The elastic properties of all the steels are affected appreciably 
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108 GREAVES. 


TaBLeE VI.—Tensile, Brinell Hardness and Notched-Bar Impact 
Tests on Steels Treated in Different Sections. Oil-Hardened 
from 900° C., and Tempered for 2 hr. at 600° C., followed 
by Cooling in Air. 




































































Ps : ss 5 
“ co] a | ee i 
Sel aeil se! 6 |... 1% 
¢ 3 Bal en | aa] 2 | | axe 
é , © 3 Rb] Oe a) = = = 
Ale | de] ¢ i | Ze) RS] ga] & | gc] 8 
Si} ésel a | 20] 2° | 28] 2] #8] 2 le ls 
Se g = S 25] =5 as road = |3 
nN oO a ~ oO ae) a as al = ~ 
3 | 0°33 1:04 1°45 13 x 3 31 36°0 | 47-6 | 0°76 | 25 | 64 228 69 
12 x 1g | 31 | 35-0 | 47-2 | 0-7 26 | 63 226 54 
1? x 23] 31 33°0 | 45°4 | 0°73 | 28 | 65 207 63 
2} x 34] 30 | 32-0 | 43-2 | 0-74 | 28 | 64] 207 62 
4] 0°32 1:08 1°95 1? x } 37 40:6 | 50°9 | 0°80 | 22 | 62 244 63 
1¢ x 1$ | 36 | 39-2 | 49-7 | 0-79 | 24 | 62 235 54 
12 x 23 | 31 | 36-8 | 47-9 | 0-77 | 26 | 63 | 226 65 
24 x 3¢ | 32 | 36-4 47°6 | 0°76 | 26 | 63 218 62 
8 | 0-30 | 1°32 | 1°49 | 1% x2 35 | 41°2 | 51°0 | 0°81 22 | 61 236 66 
1} x 14 | 34 | 40°4 | 50°5 | 0-80 | 23 | 62 243 51 
1} x 23 | 33 | 37-2 | 48-4 | 0-77 | 23 | 64] 217 59 
2} x 33 30 | 34°0 | 46°1 0:74 | 26 | 64 215 59 
9 | 0-29 | 1:27 | 2-06 | 1? x? 38 | 43-0 | 51-6 | 0-83 25 | 64 250 61 
1} x 14 | 33 | 40-0 | 49-7 | 0-80 | 22 | 61 243 54 
1? x 23 | 35 | 39°6 | 49°7 | 0°80 | 24 | 64 238 58 
24 x 34 | 33 | 37-6 | 48-3 | 0-78 | 26] 64 224 61 
15 | 0°39 1-10 1°00 1? x 2 33 | 34°4 | 47°2 | 0°73 | 26 | 65 215 68 
1? x 14 30 | 33-0 | 48-7 | 0-68 | 26] 64 219 34 
12 x 23 | 31 | 32-6 | 48-2 | 0°68 | 26 | 62 212 3 
24 x 34 | 30 | 32-8 | 48-4 | 0-68 | 25 | 62 214 32 
16 | 0°38 1°07 1:37 1z? x j 33 | 34°8 | 46°8 | 0°74 | 27 66 210 65 
13 x 13 | 30 | 33-0 | 47-8 | 0-69 | 26 | 63 217 39 
12 x 2} | 31 | 33-0 | 47-4 | 0-70 | 28 | 63 213 3 
24 x 33 | 30 B2°2 48-0 | 0°67 | 27 | 61 209 36 
17 | 0°37 1-03 1-96 1} x? 32 35°8 | 47-2 | 0°76 | 28 | 66 224 78 
13 x 14 | 32 | 34°8 | 48°5 | 0-72 | 25 | 62 225 56 
13 x 24 | 32 | 33:8 | 47-8 | 0-71 | 26 | 62 221 50 
2} x 34 | 27 | 32-4 | 47-8 0-68 | 26] 61] 211 43 
| j 





Water-Hardened and Tempered Steels. 
As stated above, the steels did not harden fully on being 
quenched in oil, but quenching in water from 850° C. led to full 
hardening of almost all the stee's in a cross-section 13 x ? in. 
Figs. 6 and 7 show the structures of steel 3 quenched in oil 
and in water, respectively, and tempered at 600° C. 

The mechanical properties of the steels after water-hardening 
from 850°C. and tempering at various temperatures are given 
in Table VII. Fig. 3 shows the properties after tempering at 
600° C, 

As in the oil-hardened and tempered condition, manganese 
and nickel both lead to improvement of the mechanical propcrties 
without reducing the elongation greatly, 














TaBLE VII.—Tensile, Brinell Hardness and Notched-Bar Impact 
Tests on Steels Water-Hardened from 850°C. and Tempered 
for 2 hr., followed by Cooling in Air. 


Sections: 5 x 1? x Pin. 
























































































os) | 3 K 
’ 3 im lf | 8 
ss | . YF » l= 
xo o : . “= = 
6 ; & | ss a4 = = |.Ss° zZ |o" a 
Z =| a pe c 6 = = a is. = 24 
sa 2 oo S | & ae = & |= 5 
@ =e F} 3 | oe Re = Els 
z|S | 2 | % |e Sa | > | |= 
| | 
| | esl 
1 0:34 | 1:04 | 0°45 | 550 37 42°8 53°6 | 0°80 BZ 61 256 55 
6UU0 37 39°8 50-2 0-79 22 61 247 57 
650 | 35 | 36°0 | 44°8 | 0-80 | 28 | 68 203 | 70 
2 | 0°33 | 0°99 | 0-97 | 550 | 41 | 47-4 55°9 | 0-85 | 20 | 58 27 55 
GOO | 39 | 42-8 | 51-2 | O-84 | 2 63 248 61 
650 34 36°4 45°9 0:79 26 63 221 71 
3 | 0°33 | 1-04 | 1°45 | 550 | 46 | 49-8 | 57-2 | 0-87 | 22 | 59 275 46 
600 3 | 45-8 | 52-9 | 0-87 | 23 | 61 | 256 53 
650 | 39 | 40-8 | 47-2 | 0-86 | 27 | 67 | 225 69 
4] 0°32 | 1°08 | 1°95 | 550 | 51 58-8 | 0:90 | 21 | 58 287 46 
600 43 53°4 0°83 2% 62 263 52 
650 | 41 47°38 | 0-89 | 27 | 67 227 66 
5 | 0°36 | 1:18 | 1:03 | 550 | 46 | 50-0 | 57-2 | 0-87 | 22 | 62 48 
600 | 42 | 46-0 | 52-3 | 0-89 | 24 | 62 53 
650 | 37 | 40°8 | 47-1 | 0-87 | 27 | 67 64 
6 | 0-32 1°35 | 0°47 550 | 42 48-2 56°5 | 0-85 | 21 59 272 54 
600 | 42 | 44°8 | 52-6 | 0-85 | 23 | GL | 256 56 
650 | 37 | 38-0 | 46-2 | 0-82 | 27 | 68 219 71 
7 | 0-33 | 1°35 | 1°03 | 550 | 48 | 51-0 | 58-8 | 0-87 | 22 | 57 281 42 
600 43 45°0 53°2 0°85 23 61 239 48 
650 38 40-4 47°6 0°85 27 66 228 62 
8 | 0°30 1-32 1-49 | 550 | 47 50°8 | 58°3 | 0°87 | 21 58 283 44 
6uv | 43 | 46°0 | 53-1 0-87 | 22 | 61 254 54 
650 | 39 | 41-0 47-9 | 0°86 | 27 | 68 227 65 
9 | 0-29 1:27 | 2°06 | 550 50 | 52-8 | 58:9 | 0-90 | 21 58 283 38 
6UuU0 | 44 | 46°38 | 53°3 | 0-88 | 22 | 62 256 50 
650 | 39 | 40°0 | 47:2 | 0-85 | 27 | 68 225 65 
10 | 0-40 | O:66 | 0°45 | 550 | 37 | 39°0 | 52-1 0-75 | 24 61 264 33 
600 3 33-4 43-4 0-69 25 65 231 338 
650 30 31-4 44°83 | 0-70 29 67 211 49 
11 | 0°36 | 0-71 1:02 550 | 37 42:4 | 52°8 | 0-80 | 24 | 62 256 60 
600 36 40-4 49°6 | O-8l 25 64 237 71 
650 29 32-4 44°3 0:74 28 67 215 75 
12 0-40 | 0°68 1-47 550 39 44°3 54°6 | 0°82 23 61 270 57 
600 43 45°6 52-0 0°83 23 64 249 64 
650 | 38 | 39°6 | 46°4 | U-85 | 27 | 66 224 72 
13 | 0-41 0:69 1:98 | 550 | 47 51°4 | 57-7 | 0-89 | 22 | 62 277 52 
600 43 45°6 53°2 0°86 24 64 248 64 
630 38 39°8 47°35 | 0-84 23 67 229 76 
14 | 0°38 | 1°10 | 0°43 | 550 | 45 | 48 53°8 | 0-8% 22 | 62 270 56 
600 | 39 2:0 | 51-2 | 0-82 | 25 | 65 249 66 
650 | 35 | 37-2 45°7 | 0°81 28 | 67 219 77 
15 | 0°39 | 1°10 | 1°00 | 550 | 48 | 53-8 | 59-8 | 0-90 | 22 | 57 284 49 
600 43 48°6 55°8 | 0°87 2¢ 62 264 55 
650 | 36 | 40°4 | 48°9 | 0°83 | 27 67 226 69 
16 | 0°38 | 1:07 | 1°37 | 550 | 49 | 50-6 | 57-3 | 0-88 | 22 | 59 278 63 
600 43 45°0 62°7 0°85 25 64 250 63 
650 38 40°0 47-0 | 0°85 28 67 226 76 
17 | 0°37 | 1:03 | 1:96 | 550 | 48 | 50-6 | 58-0 | 0-88 | 21 | 59 279 52 
600 | 43 | 45°4 | 53°2 | 0°85 | 23 | 64 255 64 
bau | 39 | 41-4 | 47-2 | 0-88 | 28 | 67 | 226 oi 
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The effect of nickel in improving the response of a steel to 


hardening treatment is clearly illustrate 
cent. carbon and 1-35 per cent. mangane 


portions of Figs. 2 and 3 relating to a 
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position with no nickel does not harden fully on oil-quenching 
from 900° C., and the addition of nickel up to 2 per cent. effects 
a steady improvement in the mechanical properties. Water- 
quenching the same steel from 850° C. causes it to harden fully, 
and the addition of nickel up to 2 per cent. is almost entirely 
without effect on the properties. 

Although a high manganese content is generally considered 
to cause liability to cracking in heat treatment, no such effect 
was encountered on the present series of steels. In neither the 
oil-quenched nor water-quenched sections were any cracks 
observed, 


Temper-Brittleness. 
Susceptibility to temper-brittleness was determined by a 
standard method,‘® and the results are shown in Table VIII. 


TaBLeE VIII.—Susceptibility to Temper- Brittleness. 






































Impact Value, | 
Ft.-Lb. | 
| | 
O.-H. 900° C., 
Steel No. Carbon. Manganese. Nickel. T. 650° C. Suscep- | 
9 % % Reheated to 600° C. tibility | 
2 br. and cooled— | Ratio. | 
| 
| arc | 
\In Water. 4° C. | 
| per min. 
1 0-34 1-04 0-45 57 67 0-385 
2 0°33 0:99 0:97 47 42 1-1 
3 0-33 1-04 1-45 59 63 0-9 
+ 0-32 1-08 1-95 57 40 1-4 
6 0-32 1-35 0-47 538 46 1-3 
7 0:33 1-35 1-03 bl 27 1-9 
8 0°30 1-32 1-49 48 20 2-4 
9 0-29 1-27 2-06 50 15 3°3 
10 0:40 0-66 0-45 35 32 l- 
ll 0-36 0-71 1-02 40 32 1-3 
12 0-40 0-68 1-47 47 35 1-3 
13 0-41 0-69 1-98 79 72 Er 
14 0-38 1-10 0:43 50 37 1-4 
15 0-39 1-10 1-00 82 61 1-3 
16 0-38 1-07 1-37 87 34 2-6 
17 0:37 1-03 1-96 79 28 2-8 








Nickel alone, or in the presence of a low percentage of man- 
ganese, does not induce susceptibility to temper-brittleness,'® 
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but the well-known effect of manganese in rendering a steel more 
susceptible is reinforced by an increase in the nickel content. 
The highest susceptibility ratios for steels of a given carbon 
content, with manganese over 1 per cent., were obtained in those 
containing the highest percentage of nickel. 

Although some of the steels have susceptibility ratios of over 2, 
there is no indication in the results given in Table V. that air- 
cooling of small sections after tempering results in brittleness. 
In larger sections air-cooled after tempering the rate of cooling 
may become sufi-ciently slow to reduce the impact value. 


* Summary and Conclusions. 

The mechanical properties of steels containing 0:3 to 0-4 
per cent. carbon, 0-7 to 1-35 per cent. manganese, and 0-5 to 2-0 
per cent. nickel have been examined. 

The amount of nickel which may be added to a steel containing 
manganese without inducing a tendcncy to air-hardening decreases 
from well over 2 per cent. with a manganese content of 0-7 per 
cent. down to 1 per cent. when the manganese content is 1-35 
per cent. 

In the normalised condition a steel containing 0-35 per cent. 
carbon, | per cent. manganese and | to 1-5 per cent. nickel gives 
good mechanical properties, better than those previously obtained 
from 3 per cent. nickel steel, 1-4 per cent. manganese steel and 
silico-manganese high elastic limit steels. 

Steels of approximately this composition do not harden fully 
when quenched in oil in sections ? in. thick, and are subject to 
mass effect, but their mechanical properties in the oil-hardened 
and tempered condition are equal to those for which 3 and 4 per 
cent. nickel steels of similar carbon and low manganese contents 
are frequently employed. 

An increase in manganese and nickel, either separately or 
together, within the limits investigated, diminishes the mass effect 
and leads to an improvement in the mechanical properties without 
serious loss of ductility. It also increases the range of temper- 
ature from which quenching may be carried out without adversely 
affecting the mechanical properties. Steels of the higher man- 
ganese and nickel contents are susceptible to temper- brittleness, 
but air-cooling of sections ? in. thick does not give rise to a low 
impact figure. All the steels investigated hardened fully on 
water- quenching, and the relatively high manganese content 
of some of them did not result in any cracking. 

It would appear that, in suitable circumstances where a yield 
point of over 32 tons per sq. in. is required, with maximum load 
over 45 tons per sq. in. and impact figure over 40 ft.-lb., oil- 
hardened and tempered steels containing 0-35 to 0-40 per cent. 
of carbon and 1-0 to 1-3 per cent. of manganese with about 1 per 
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cent. of nickel may be used with economic advantage in sections 
up to 24 in. in thickness in place of 3 per cent. nickel steel. Ifa 
high impact figure is required and the section to be treated exceeds 
24 in. in thickness, it may be necessary to reduce the carbon to 
0-30 and increase the nickel to 1-5 or even 2-0 per cent., since 
steels with the higher carbon content indicated above, when 
treated in large sections, give an impact figure below 40 ft.-lb. 


The author desires to record his indebtedness to Mr. G. Burns, 
M.Met., a member of the staff of the Research Department, 
Woolwich, who carried out the experimental work. 
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Note ADDED OcTOBER, 1935. 


The steels were made in a high-frequency induction furnace. 
The average silicon content was 0:3 per cent., the sulphur was 
less than 0-030 per cent. and the phosphorus less than 0-025 per 
cent. The elastic limit given in the tables is the limit of pro- 
portionality determined with the Ewing extensometer in the first 
loading of the test-piece. The yield point is the load giving a 
permanent extension of 0-2 per cent. 
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CORRESPONDENCE. 


Mr. J. A. Jonzs (Sheffield) wrote that the paper by Dr. Greaves 
describing the mechanical properties of nickel steels in which 
part of the normal nickel content was replaced by manganese 
constituted a particularly valuable contribution to the literature 
of alloy steels. 

The properties of some of the steels within the range of com- 
position covered by the paper were fairly familiar, and most 
people had longed for the opportunity of investigating in a 
systematic manner a comprehensive series of steels such as that 
examined by the author. The information was now made available 
and it would prove of immense value to the steel supplier and steel 
user from the point of view of obtaining improved mechanical 
properties and the possibility of obtaining these at a reduced cost. 

As far as the writer’s own companies were concerned, they had 
standardised a number of nickel-manganese steels, and the ranges 
of analyses adopted to give optimum properties within specified 
ranges of maximum stress agreed, in a remarkable manner, with 
the recommendations made in the paper, and they were very 
pleased to obtain confirmation of their findings. 

With regard to steel in the normalised condition, it was 
considered that a further saving in cost, without depreciation 
in mechanical properties, might be accomplished by replacing 
more nickel by manganese. 

Raising the manganese still higher and reducing the nickel 
content to under 1 per cent. provided a steel, which, although 
showing a tendency towards air-hardening, was particularly 
suitable for service in the normalised and tempered condition. 

Large tonnages of steel containing carbon 0-35 to 0-40 per 
cent., with manganese about 1-2 per cent. and nickel about 
1 per cent. were supplied regularly (replacing 3 per cent. nickel 
oil-hardening steel) in sections up to 3 in. square to give an 
ultimate stress of 48 tons per sq. in. minimum. 

Excellent mechanical tests were obtained in the oil-hardened 
and tempered condition, a selection taken at random being as 


follows : 
Ultimate Yield 


Section. Stress. Point. Elongation Reduction Average Izod 
In. Tons per Tons per on 2 in. o: Area, | Impact Figure. 
sq. in. sq. in. % % ‘t.-Ib. 
2} square. 49-9 39-7 24 57 67 
) ern 50-5 40-0 23 57 53 
34 x 2} : 51-2 40-1 22-5 57 52 


The steel was also used to a considerable extent in the water- 
hardened and tempered condition and still improved results were 
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obtained without any trouble with the incidence of cracking. No 
appreciable drop in the impact figures occurred in sections of the 
dimensions under consideration if air-cooling from the tempering 
temperature was adopted instead of water-cooling. 

Nickel-manganese steels of slightly higher nickel content were 
also supplied where a maximum stress of 55 tons per sq. in. was 
specified, in sections up to 2} in. indiam. For such requirements, 
the steel constituted a particularly cheap substitute for nickel- 
chromium steels, although manganese-molybdenum steels pro- 
duced by the companies with which the author was associated 
were now generally supplied to meet such tests, as it had been 
found that that type of steel provided, over a very wide range of 
tensile strength, mechanical properties superior to those of plain 
nickel and nickel-chromium steels at practically the same cost as 
the nickel-manganese steels. 


Mr. C. W. Hirst (Sheffield) wrote that steels containing 1 to 
14 per cent. of manganese had been extensively used to supply 
the demand for steels having a tensile strength of 40 tons per 
sq. in. or over and impact figures higher than those which could be 
attained when using plain carbon steels, and the series of steels 
described in the paper could be regarded as a further step in the 
same direction. 

To those who were daily engaged in the manufacture of axles, 
high-torque motor shafts, crusher spindles and the like from such 
steels, the figures presented in Fig. 1 would come somewhat as a 
surprise. In the case of the steel containing carbon 0-3 and 
manganese 1-35 per cent., an increase in the nickel content from 
1 to 2 per cent. brought about a reduction not only of the yield 
ratio but of the actual yield point of the material. 

To a lesser extent the same effect was present in the case of 
the 0+4 per cent. carbon, 1-0 per cent. manganese steel. The 
addition of 1 to 2 per cent. of nickel was often made to this steel 
in making large alternator rotors, where increased strength was 
required without any reduction in the magnetic permeability of 
the steel forming the rotors. 

In none of the applications mentioned had the writer noted 
this reduction of yield point with the increase of nickel content, 
and, bearing in mind that the masses dealt with would be much 
greater than those tested by Dr. Greaves, he would like to know 
if the author could put forward any explanation of the variation 
in behaviour of these steels when different masses were being 
employed. 





AUTHOR’S REPLY. 


Dr. Greaves, in reply, stated that he was glad to have 
Mr. Jones’ confirmation -of the results of the work done at Wool- 
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wich. It showed that the properties obtainable in these steels of 
low nickel content had not been exaggerated, but rather under- 
estimated in the paper. Since normalising of many of these steels 
constituted a mild form of hardening, considerable improvement 
could be obtained by the normalising and tempering treatment 
which Mr. Jones advocated. The fall in yield point and other 
properties which accompanied an increase of nickel from 1 to 2 
per cent. in the normalised steels (a feature to which Mr. Hirst 
drew attention) was due to incipient air-hardening which occurred 
in steels of this manganese and nickel content, cooled through the 
critical range at the rate employed, viz., 14° per min. To restore 
the properties, tempering must follow normalising of material 
of the thickness in question (? in.). In larger masses, to which 
Mr. Hirst referred, the natural rate of cooling in air would be 
slower, and air-hardening would not set in until a higher manganese 
nickel content was reached. The first indication of air-hardening 
in most steels was its detrimental effect on the elastic properties, 
an effect which could easily be avoided by cooling more slowly, 
or be overcome more satisfactorily by tempering after normalising. 

The author agreed that the steels described in his paper were 
not likely to prove so generally useful as manganese-molybdenum 
steels ; in fact, their properties were such that the addition of a 
little molybdenum was called for, thus converting them into 
nickel-manganese-molybdenum steels, but for certain purposes 
(one of which was indicated by Mr. Hirst) the nickel might still 
confer advantages in the presence of molybdenum. 
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THE USE OF THE 
HELE-SHAW APPARATUS IN THE 
INVESTIGATION OF THE FLOW OF 

METALS.* 


By A. M. HERBERT anp Proressor F. C. THOMPSON. 
(DEPARTMENT OF METALLURGY, THE UNIVERSITY OF MANCHESTER.) 


SUMMARY. 


The Hele-Shaw apparatus has been used by engineers in the study of 
stream-line flow of fluids with interesting results. So far as the authors 
are aware, however, no attempt has hitherto been made to use it in the 
investigation of the deformation of metals, Since it appears that these 
materials also flow in a stream-line fashion both in hot- and in cold- 
working, a study has here been made concerning the correspondence which 
may be obtained between the flow-lines obtained with the apparatus and 
those actually found in the metals themselves. Typical drop-forgings, 
tubes and particularly wire have been investigated and the degree of 
agreement is good. It would, therefore, appear that it is legitimate to 
employ this type of apparatus where the mode of flow during any process 
of deformation is required to be known. In the design of the dies for the 
production of drop-forgings, for instance, it is probable that invaluable 
evidence could be obtained of a kind which is not otherwise readily 
available. 

Part I. 


{VER since the publication of Tresca’s classical experiments it 
has been generally recognised that under a sufficiently high 
intensity of stress, metals may flow in a manner essentially 
identical with that of a very viscous fluid. As is now well known, 
the flow of any fluid may be divided into two quite distinct 
categories. As the pressure is increased the flow which is initiaily 
stream-line in character is suddenly converted into one of 
turbulent motion. As the viscosity of the fluid is increased the 
pressure required for the latter type of flow is also increased 
rapidly, and in the case of metals the evidence is overwhelming 
that turbulent flow never occurs during any working process. 
Even in materials such as shear steel or Damascene steel where 
the macrostructure might, at first sight, suggest turbulent flow, 
there is little doubt that the irregularity is merely due to the 
localised nature of the deformation under the individual blows 
of the hammer. It follows, therefore, that determinations of the 
nature of the stream-line flow of any fluid should throw consider- 
able light on that of a metal during both hot- and cold-working 
processes. 
* Received June 21, 1935. 
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Apparatus. 

One of the most direct, and at the same time simplest, methods 
of examining the nature of stream-line flow is with the aid of 
the apparatus first described by Hele-Shaw" in 1897 and modified 
and improved in the following year. The apparatus, which is 
shown in Fig. 1 and Fig. 4 (Plate XI.), consists of two glass plates 
A and G which are separated by a model made of drawing paper 
of the contour to be examined. The liquid used is glycerine, the 
clear fluid being introduced through the union B, whence it 
passes into the cavity C and then flows down within the die. 

Another supply of glycerine, but coloured with a 
red aniline dye, enters at D, and passes into 
4 another cavity ground in A, which is closed by 
a brass plate H at the lower edge of which a 
series of small, equidistant holes are drilled. 
4 Alternating streams of red and clear glycerine 
é thus pass down between the plates and reveal 
the stream-lines characteristic of the particular 
shape of die under investigation. The red and 
clear glycerine are stored in two air-tight con- 
tainers, Fig. 4, into which air under pressure 
is pumped, the pressure in each case being the 
eh same. Tests made regarding the influence, if 
any, of the pressure upon the nature of the flow 
in no case showed any alteration as this was 
increased. Under the maximum pressure avail- 
able—about 70 or 80 lb. per sq. in. in the con- 
tainers—the flow was invariably stream-line, but 
by using a fluid of lower viscosity, such as water, 
and a much thicker die it is possible to obtain 
Fie. 1—The turbulent flow. So far, however, as the present 
Air-Tight Con- = work is concerned, the pressure employed was 
tainers of the : ; 
Hele-Shaw Ap. bout 10 lb. per sq. in. A permanent record of 
paratus. the results may be obtained by placing the plates, 
strongly clamped together, in a vertical container with openings 
cut at both sides through which a photograph may be taken. 

Since the density of the fluid is constant, it follows that the 
same volume must pass across each successive section of tha 
model, and since the number of stream-lines remains unchanged, 
the relative velocity of the flow at any point is inversely pro- 
portional to the distance between successive lines. ‘Knowing this 
relative velocity and the distance travelled along each line, it is 
a matter of simple calculation to determine where a given element 
of the initial section will have arrived after successive intervals 
of time. This method of analysis has been used in connection 
with the work on the flow in the wire-drawing die which is 
described in Part II., Section (c). 
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Part II. 


An attempt has been made in the following pages to apply 
this apparatus to the examination of some simple forms of drop 
stamping, to the drawing of tubes and mainly to an investigation 
of the nature of the flow during the drawing of wire. So far as 
the present consideration is concerned, no differentiation is to 
be made between hot- and cold working, since stream-line flow 
occurs in both instances, different though these processes are in 
their effects upon the properties of the deformed metal. 


Section (a). 

In Figs. 5 and 6 (Plate XII.) are shown the macrostructures of 
two simple forms of drop stamping. In Figs. 7 and 8 are 
reproduced photographs of the flow through similar contours in 
this apparatus, and the essential similarity of the two sets of 
illustrations will be at once appreciated. Too exact concordance 
must not, however, be expected, owing to flaws which may occur 
in the material, and which might interfere with the flow; to 
variations of the surface friction, the importance of which has 
been shown by Siebel and Osenberg") ; and to the discontinuous 
flow due to the individual blows of the hammer.* From a 
comparison of these two sets of illustrations it would appear 
that the Hele-Shaw apparatus is capable of yielding, at any rate 
qualitatively, very clear information regarding the manner in 
which metal may be expected to flow when stamped between dies. 


Section (b). 

The recent work by Pomp and Schylla‘ on the flow of metal 
during tube drawing may be employed to enquire to what extent 
the flow there obtained corresponds to that which occurs in the 
apparatus now being described. A typical photograph from the 
German work and the corresponding Hele-Shaw flow lines are 
reproduced in Figs. 9 and 10 (Plate XIII.),and again the close 
analogy between the two will be apparent. In Fig. 11 the two 
figures have been superposed and the close similarity will be at 
once seen. 

The authors have used this apparatus in the examination of 
the flow during the extrusion of metals and have obtained 
stream-lines which are strictly comparable with those which 
have been obtained by other investigators. Since, however, 
this work is of more importance in non-ferrous than in ferrous 
metallurgy, the results are not reproduced here, the fact being 
mentioned merely as some further indication of the way in which 
this type of investigation can be. applied to the examination of 
an industrial working process. 

* The apparatus is quite capable, however, of investigating the effect of known 
flaws, as Figs. 3, 21 and 22 will show, 
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Section (c). 

The authors’ interest in this method of examining flow was 
aroused in the first instance as a result of their work on the 
drawing of wire, and the major portion, and in fact the whole 
of the quantitative section of the investigation, applies to this 
particular form of deformation. 

Since, however, in the Hele-Shaw apparatus the fluid is 
forced through the die, whilst in the drawing of wire the metal 
is pulled through, a certain doubt might arise as to the justification 
of comparing the results in the two cases. So long, however, 
as the flow is of a pure stream-line type, the direction in which 
the pressure varies should not hydro-dynamically have any 
effect upon the nature of the flow lines. To satisfy themselves 
that this was in fact the case, some preliminary experiments 
were carried out in which the glycerine was drawn through the 
die by suction from below instead of, as is normally the case, by 
forcing it down from above. The corresponding results are 
shown in Figs. 12 and 13 (Plate XIV.), and it will be seen that the 
flow has, as far as can be seen, been identical in both instances. 
To confirm this conclusion, the two photographs were analysed 
quantitatively in the way outlined above. In Fig. 2 is shown what 
may be called the “‘ wave-fronts,’’ and those (in full lines) due 
to the suction and those (dotted) obtained in the normal manner, 
fit into each other perfectly. It may be concluded, therefore, 
that the picture of the stream-line flow in wire-drawing obtained 
with the conditions normally used, is not in any way affected by 
the direction in which the pressure varies. 

Since the present paper is mainly concerned with a general 
description of the use of this apparatus in investigating the flow 
of metals, it will be sufficient to describe a single instance in 
which the stream-line picture has been fairly completely analysed. 
In Fig. 14 the stream-lines for a radial taper die and a reduction 
of diameter of 50 per cent. are shown, together with the lines of 
equal velocity of flow on the one hand and what may be termed 
successive wave-fronts on the other. The lines of equal velocity 
can be obtained directly from the measurement of the relative 
distance between successive lines. Knowing this and the distance 
which a particle must travel along a given stream-line it is, as 
has already been pointed out, a matter of arithmetic alone to 
determine where a given particle will have arrived after the 
expiration of a given time interval. The dotted lines in Fig. 14 
represent these loci. Among the features of interest it will be 
noted in the first place that the effect of the die is felt some 
considerable time before the metal actually enters it, particularly 
towards the centre. This is in complete agreement with 
practically all the work which has been done on wire-drawing— 
for instance the photo-elastic investigation of Thompson and 
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Barton) and the work of Taylor and Quinney.) Towards the 
surface the increased width between the lines indicates a definite 
dim nution in the velocity of the movement as the fluid approaches 
the die, which in the particular contour now under consideration 
falls to less than 0 65 of the initial velocity of the metal at the 
surface at the point of entrance. This retardation is again in 
agreement with the conclusions reached in the photo-elastic 
investigation already mentioned. From this point the velocity, 
which so far has been decreasing, commences to rise again, 
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Fic. 2.—Analysis of Photographs in Fic. 3.—Effect of ** Inclusions.” 
Figs. 12 and 13. 


reaching its maximum on the surface at the point of exit from 
the die. On the centre line there is no indication of this retarda- 
tion, the velocity increasing very slowly at first and then more 
and more quickly as the die is traversed. Passing on to consider 
the wave-fronts it may be pointed out in the first place that these 
are characteristically bowed, the depth of the curvature increasing 
with the reduction, as Fig. 14 shows. In Fig. 15 (Plate XV.), 
which represents one of the specimens investigated by Taylor 
and Quinney, this characteristic bow shape has also been found, 
and the close agreement between the Hele-Shaw results and those 
obtained in-actual wire-drawing is, in the opinion of the authors, 
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extremely strong confirmation of the accuracy with which the 
former corresponds to practical conditions. 

A considerable amount of time was spent in endeavouring 
to obtain direct photographs of these wave-fronts. The difficulties 
of getting initial uniformity of flow were, however, extremely 
great and this aspect of the investigation, beyond providing a 
qualitative confirmation of the conclusions to be drawn from 
Fig. 14, wasgivenup. In Figs. 16,17 and 18 (Plate X VI.), however, 
are reproduced some of the best of these photographs, from which 
it will be seen that the general shape of the flow lines deduced 
mathematically from the stream-line measurements does correspond 
extremely closely with that actually obtained. The increased depth 
of the bow as the reduction proceeds is very clearly shown. 

In an attempt to discover to what extent the Hele-Shaw 
stream-lines did in fact correspond with the flow of the metal, 
@ fairly thick bar of steel, after being partly drawn down was 
cut off and knocked back. From this a section was produced and 
macro-etched. The photograph of the corresponding stream- 
line was prepared from an identical contour and of exactly the 
same size, and from the two negatives the composite photograph 
in Fig. 19 was produced. So far as the most careful examination 
that the authors have been able to make goes, it would appear 
that the flow is identical in each case. A similar result has been 
obtained for other wires which show badly segregated cores. 
Since, however, the flow of the segregated and of the purer portions 
may not, and in fact probably do not, coincide, these pictures 
have not been reproduced here. 

The work of Thompson and Barton suggested that a die with 
a contour the reverse of the “radial taper,” which in that paper 
was referred to as a “ bell-shaped” die, should permit of flow 
such that an initial plane section prior to drawing remains almost 
a plane afterwards. In Fig. 20 is shown the analysis of the result 
obtained from a die of this character, from which it will be seen 
that the amount of curvature of the dotted wave-fronts is 
exceedingly small. A more appropriately shaped die would lead 
to complete flattening out. The authors are not concerned 
here with the practical question of the advantages and dis- 
advantages of such a die; they are, however, concerned with 
pointing out that the conclusions of this work do tally exceedingly 
well with those of the other and very different investigation. 

The importance of inclusions in the metal in the drawing of 
wire needs no emphasis, and it appeared to the authors interesting 
to attempt to examine the effect of such inclusions on the flow 
which takes place. In Fig. 21 (Plate XVII.) and Fig. 3 are re- 
produced the stream-lines and the lines of equal velocity of flow 
resulting from attaching circular discs of paper to the glass wall of 
the apparatus, It is clear that this does not correspond exactly 
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with the actual case, where the inclusions flow with the metal 
itself, and it is possible that some degree of exaggeration of the 
irregularities introduced may have occurred. The work is, 
however, not without its interest in emph:sising the distortion 
of the stream-lines and the extreme irregularity of the velocity 
of the flow, not only in the immediate neighbourhood of the 
inclusions themselves but for some very considerable distance 
away. Qualitatively, the pictures are also of interest in another 
direction. Changes of direction of the stream-lines and changes in 
the relative distance apart involve lateral stresses. Fig. 3 in par- 
ticular will show that even where the inclusion is some distance 
below the surface of the metal, the nature of the stream-lines 
indicates appreciably increased pressure upon the dies. So far as 
the authors are aware this is the first time it has been suggested 
that the excessive wear of a die due to the inclusions in the metal 
being drawn may not be due solely to the scratching of the die 
surface by the hard inclusions themselves, but may also be due 
to increased pressure resulting from inclusions which never 
actually come in contact with the die at all. 

Where the inclusion is flowing along with the metal itself 
there is still strong evidence of the distortion of the stream-lines. 
At times small air bubbles were accidentally introduced along 
with the glycerine, flowed down through the die along with the 
latter and produced very great distortion in their neighbourhoods. 
Fig. 22 shows an enlarged picture of the stream-lines around 
a small particle of dirt which on one occasion was photographed 
during its passage through the die. Although this particle was 
flowing with the glycerine itself the distortion of the stream- 
lines in its neighbourhood will be clearly seen. 

In view of the importance, from the point of view of the 
“cast” of the wire, of the angle at which the metal emerges 
from the die, a typical example of the flow which takes place 
when the drawing is asymmetrical is reproduced in Fig. 23. 
The differences in the deformation on the two sides of the wire 
are very clearly shown. 

CONCLUSIONS. 

The authors have in the present paper shown how the Hele- 
Shaw apparatus may be employed to obtain not only a qualitative 
picture of the manner in which metals flow during deformation, 
but also the extent to which quantitative data can be derived. 
The latter part of the work, which is concerned entirely with 
the drawing of wire, results in the prediction of wave-fronts 
which are in complete agreement with those obtained by actual 
drawing. Further, the results indicate that the effect of the 
contour of the die on the extent to which the centre flows in 
advance of the surfaces coincides with that obtained in a totally 
different manner by Thompson and Barton, and with the general 
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experience of those concerned with the production of wire itself. 
Without making too strong claims at the present time, it is felt 
that the cumulative evidence presented is sufficient to justify 
the belief that, qualitatively, and at any rate to some considerable 
extent quantitatively, the method which has been described 
agrees with actual fact. The ease with which the stream-lines 
can be obtained makes the method qualitatively of real practical 
utility, although it should be pointed out that the analysis of 
the results where quantitative information is required, is a 
distinctly tedious process. The fact that a two-dimensional 
solution is all that can be obtained by this process must be borne 
in mind, but in those cases where the deformation is symmetrical 
this is probably a faithful reproduction of the flow, at any rate 
on sections parallel to the axis of the section. 

It should, perhaps, be pointed out that such experiments 
with a fluid cannot reflect any aspect of deformation which is due 
to the vectorial, crystalline properties of the metal. For example, 
Taylor and Quinney have shown, and this has been confirmed by 
Siebel,“ that when an unworked rod is drawn through a die, 
the shear occurs almost entirely in the first pass, and thereafter 
remains essentially unchanged. As a result, the shape of the 
wave-front after the first pass does not coincide with that due 
to subsequent passes of the already cold-drawn material. It is 
clear that the behaviour of the latter cannot be exactly duplicated 
by the flow of a fluid; all that the latter can do is to provide a 
picture of the deformation of the original, isotropic metal. 


The authors would like to express their deep appreciation of 
the great help they have received throughout from Mr. W. 
Ashelby. Acknowledgments are also due to the Editor of 
Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 
Diisseldorf, for permission to reproduce Fig. 9 (taken from the 
work of Pomp and Schylla‘*), 
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DISCUSSION. 


Dr. Cecrr H. Descu, F.R.S. (Vice-President, Teddington, 
Middlesex), in opening the discussion, said he was sure all the 
members were interested in the application of the very beautiful 
Hele-Shaw method to such a problem as the authors had investi- 
gated, and the experiments were certainly striking. In the 
references to the previous literature he saw no mention of the work 
of Gulliver, which rather surprised him. Gulliver,.some years 
before the war, published a paper! in which he applied the Hele- 
Shaw method to the examination of the flow in test-pieces. He 
made his dies to represent the shape of test-pieces and then 
applied quantitative calculations, as the present authors had done, 
to determine what should be the plane of fracture, and found a 
very good correspondence with the actual results. Having done 
that, he investigated the effect of sharp and rounded notches of 
various angles, and the Hele-Shaw lines again corresponded very 
closely with the actual deformation and fracture found in test- 
pieces. The paper in question did not seem to be well known, 
perhaps because people did not often see the Proceedings of the 
Royal Society of Edinburgh, but it was a valuable piece of work. 

The question arose, how close was the analogy between the 
flow of a viscous liquid and that of a plastic solid during deforma- 
tion? The authors had shown that the analogy was close 
over @ certain range, but there must, of course, be differences 
because of the enormous difference in viscosity between even the 
mst viscous liquid and a solid. For example, reference was 
made to the fact that real turbulent flow was never obtained in a 
plastic solid, whereas turbulence could easily be obtained in 4 
liquid, even @ viscous one. Over the range examined in the 
paper, however, the analogy seemed to hold. 

The authors attempted to test whether push and pull were 
really equivalent. They could not be so over the whole range, 
as was shown by extrusion. In discussions on extrusion before the 
Institute of Metals the fact became conspicuous that if one stream- 
lined the die in an extrusion press the metal would not pass through 
at all; it jammed. The die must have a perfectly sharp right 
angle, and then the metal would flow, as in Tresca’s experiments. 
Some of Tresca’s early experiments on lead and heated iron were 
made with an extrusion apparatus using sharp right-angled dies. 
The flow was then not stream-line flow but differed widely from it, 
and the question arose, at what stage of deformation did the 
difference between stream-line flow through a wire-drawing die 
and non-stream-line flow through an extrusion die come in ? 

1 Proceedings of the Royal Society of Edinburgh, 1909-1910, vol. 30, p. 38. 
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There must be some critical point at which the analogy broke 
down; so that the present paper, which was extraordinarily 
interesting, opened up some new problems which seemed to him 
very well worth while investigating. 

He raised those points because the authors would probably 
think it worth while, since they had obtained the necessary 
manipulative skill to use the really beautiful method adopted, 
to go on with the experiments. 


Mr. T. Henry TurRNER (Doncaster) pointed out that however 
true the authors’ pictures might be’ for the flow lines seen in 
forgings, there could be no doubt that cold mild steel commenced 
to deform in quite a different manner. 

Liiders lines and Fry etching showed that at the yield point 
wedges of deformation grew at approximately 45° to the lines 
shown by the authors. There must therefore be some change 
in mild steel after the initial deformation seen in Liiders lines 
if it later flowed in stream-line form. To examine stress con- 
centrations below the yield, one should paint the surface with 
suitable lacquers and watch the failure of the lacquer where the 
metal stretched. To examine actual deformation just above the 
yield point, Fry’s etching was employed. For finding the flow 
after severe deformations, deep etching of a section was most 
reliable fcr big forgings. 

The authors’ experiments suggested that for wires, tubes, 
small drop forgings and other such articles where deep-etched 
cross-sections might be less informative, the Hele-Shaw apparatus 
might be of assistance to investigators. 


Dr. E. W. Fett (Manchester) said he would confine his remarks 
to the summary of the paper. In it mention was made of flow-lines 
actually found in the metals themselves; and, regarding the 
Hele-Shaw apparatus, it was stated ‘it would, therefore, appear 
that it is legitimate to employ this type of apparatus where the 
mode of flow during any process of deformation is required to be 
known.” He would suggest, however, that the lines found in the 
macrostructures of any general type of forging, or of cold-worked 
steel, were not really lines of flow. He thought they might be 
a sort of qualitative indication of the flow which had taken place ; 
that they were not lines of flow might be seen by an illustration. 
Consider a bar to be forged and in it two tiny particles, say two 
non-metallic inclusions, a very small distance apart: The forging 
operation (the actual deformation) might be divided into small or 
infinitesimal stages, in each of which the line joining the two 
particles would suffer displacement consisting of a translation 
parallel to itself and a rotation relative to its former position. 
This occurred in each infinitesimal stage, hence the position of the 
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line at the end of forging, as, for example, in Figs. 5 and 6, 
represented a rather complex displacement. Thus the lines in the 
two figures were not lines of flow, that was, the tangent to the 
lines at any point was not the direction of motion of the metal at 
that point. The lines for the steady motion of glycerine, shown in 
Figs. 7 and 8, were lines of flow. 

The matter, he thought, might be visualised in another way. 
There seemed no reason for supposing that the flow in the channels 
of glycerine should coincide with the macrostructures of forgings 
happening to have the same sectional shape as the channels ; 
the two states arose from quite different causes. The lines of 
flow in the glycerine would not accordingly be expected to 
coincide with the lines in the macrostructures. 

The case of a partly-drawn tube or wire was a particular one, 
and the inscribed lines in the metal, apparently shown in Figs. 9 
and 15, and the lines in Fig. 19, suggested lines of flow, assuming 
that motion was steady through the die and that no further 
distortion occurred subsequently. It seemed, in studying the 
flow, that consideration should be given to the fact that the 
boundary of the channel in the Hele-Shaw apparatus was quite 
different from the boundary (surfaces of contact of the metal 
and die) in the drawing operation. 

Drop-forging was a case of general forging, though it might take 
place more quickly and the disposition of the metal might be 
better controlled. The operation, however, could be divided into 
small stages, as described above, and similar remarks would apply. 

He expressed the hope that his remarks might be of interest 
to the authors of the paper. 


Mr. J. D. Hannau (Manchester) said that in reading through 
the authors’ exceedingly interesting paper, in which what appeared 
to be a valuable analogy had been drawn between the stream-line 
flow of liquids and what was referred to as the flow in forged 
parts, he found in section (c) of Part II. a paragraph in which it 
was claimed that by varying the arrangements for applying 
pressure to the liquid in the Hele-Shaw apparatus an analogy 
had been obtained with two cases which occurred in handling 
metal, the first where the metal was forced through a die and the 
second where it was drawn through it, as in the case of wire. The 
authors stated that by applying suction below the die they had 
obtained an analogy with the position that obtained where wire 
was drawn through a die. Personally, he felt unable to follow the 
reasoning there. In applying suction, presumably the authors 
had simply removed atmospheric pressure from beneath the liquid, 
leaving it still applied at the top. He was unable to see that that 
differed fundamentally from applying a pressure greater than 
atmospheric above the liquid ; it seemed to him a purely relative 
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matter and not fundamentally different. In drawing wire one 
could understand that the conditions were, in fact, different, 
because the wire was under tension ; but it did not seem probable 
that the liquid could, in fact, sustain tension. 


Dr. W. H. Hatrietp, F.R.S. (Vice-President, Sheffield), 
congratulated the authors on their very interesting paper. 
Professor Thompson, he said, came from Sheffield, and the work 
he was now doing in Manchester was worthy of his old city. 

Personally, he thought the last speakers had been inclined to 
credit the authors with reading too much into the experiments 
described. Taking Figs. 6 and 8, he thought the analogy between 
the flow through a contour and the drop-forging was very com- 
plete, and this lent itself very well indeed to the determination of 
a lot of comparative and empirical data which would be very 
helpful and instructive, always bearing in mind that one had two 
dimensions and not three. He would like, therefore, to congratu- 
late the authors on a very useful contribution. 

On the other hand, when one examined Fig. 3 and saw the 
appalling effect of those inclusions, he could not help thinking 
that some of his friends must have been supplying some of those 
samples. Speaking seriously, if one were working in three dimen- 
sions instead of two, and with a material of the viscosity of the 
heated steel, he ventured to say that the results would be in no 
sense comparable. 

A point which occurred to him in studying the paper was that, 
for the purpose of the present discussion, the authors visualised 
those inclusions as fixed, immovable bodies of certain intrinsic 
characteristics which remained constant. The point they raised 
was @ very important one, especially in regard to inclusions in 
drop-forgings. On the other hand, when one considered the 
inclusions as ‘“ glasses,” and when the steel was heated and 
became plastic, it was a fair inference that the characteristics of 
the slag inclusions were modified at the same time. At any rate, 
the slag inclusions were so considerable in number but so small 
in dimensions that he questioned very much whether that 
particular analogy was not far too much overdrawn, and in a 
sense somewhat mischievous; it might create an impression in 
the mind of users of steel, for instance, that inclusions in steel 
were really a disability. 

That led him to make this observation. The authors dealt 
with cold steel as well as with hot steel; in other words, they 
dealt with steel which presumably had a ferritic matrix of a highly 
plastic nature, but disseminated through that matrix was the 
carbon which gave strength to that material in the form of hard, 
brittle carbide plates or nodules. It might be suggested to the 
authors that in the cold it would be very difficult to discriminate 
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between the behaviour of the hard carbide particles to which the 
ultimate properties of the steel were due and the hard metallic 
inclusions. That touched on a point which was of very great 
interest. If the strength of steel as affected by the carbon content 
was really due to the fact that the hard particles affected the 
manner of slip, it was quite possible that those inclusions which 
the authors treated so severely might have a similar desirable 
effect. He did not wish to excuse some of the products that, 
he believed, were put on the market in the ferrous industry, but 
at the same time there was something that might be considered 
seriously in what he had just said. 

In conclusion, he would like to congratulate Mr. Herbert and 
Dr. Thompson on a very constructive piece of work. 


Dr. A. McCancr (Member of Council, Glasgow) said that, 
considering Fig. 3 a little further, he thought there was a danger 
in applying too closely the method of accurate measurement to 
the spacing of the lines. iif reference were made, for example, 
to the lower particle, it would be noticed that the wings in the 
case of that particle were’ lengthways, longitudinal, whereas in 
the case of the other three they were at right angles to the direc- 
tion of flow. He thought there must be an error of measurement 
owing to the spacing of the lines being too coarse, because in the 
photograph it would be seen that the dead areas for each hole 
were in each case lying along the axis in the direction of flow, 
where they ought to be; i.¢., maximum stress at the hole was 
always at right angles to the pull, whereas according to the 
measurements made in the case of the lowest hole it appeared 
that the stress was actually at right angles to the direction in 
which it ought to be. 

With regard to the discussion which had been taking place as 
to whether there was not a real analogy between flow-lines and the 
effects discovered in etching and drop-forging, he thought the 
point had been overlooked that while the material was flowing 
it had reached a steady state, and so aspects of flow did not enter 
into the matter. What was shown was a picture where the 
tangent to the direction of motion at any particular point had 
remained constant, and consequently the picture shown really 
indicated displacement, and to that extent it was exactly analogous 
to any movement that had taken place or any lateral displacement 
in a bar with longitudinal lines in it. 

The only case where it would not be applicable was that to 
which other speakers had referred, when with plastic solids the 
displacement took place in slip movements along shear lines at 
45°. If those movements were too coarse one could imagine a 
zigzag effect, and that could not be analogous to a steady flow 
line. But where those steps were very small, with a multitude 
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of very small displacements, then he thought the analogy was 
quite justified, and the authors’ method was applicable. 





CORRESPONDENCE. 


Mr. E. A. Atkins (Warrington) wrote that whilst the authors 
very ingeniously showed that certain resulis appeared to be 
parallel, it was not easy to grasp that the movement of the metal 
in the drop-stampings was at all similar to the flow of liquids in 
the Hele-Shaw apparatus. In the one case the material simply 
closed up and showed the disposition of the heterogeneous fibres, 
and in the other it followed the distortion of liquid stream-lines 
in a tortuous conduit. However, the results might be of practical 
use in showing up the planes of weakness in stampings. 

It was not at all surprising that the results of forcing the 
glycerine through a die were the same as when it was passed 
through by suction, as the latter case would be the same as the 
former, the atmosphere supplying the pressure. The effect when 
an effort was made to push a rod through a die was quite different 
from when it was pulled through. In the first case the metal 
jammed itself in the die, whereas in the second the metal at the 
middle was pulled away in advance, thus allowing the outside to 
collapse under the pressure from the die walls. In extruding 
metals the dies were so shaped as to avoid jamming by allowing the 
core of the rod to move forward in advance of the skin, thus bringing 
about a similar condition to the drawing of wire. 


Mr. A. B. Wintersotrom (Trondheim, Norway) wrote that 
Hele-Shaw’s stream lines in thin layers of a viscous fluid were found 
to be identical in form with the lines for two-dimensional flow of a 
perfect non-viscous fluid, which were calculable for symmetrical 
cases.1_ Stokes? showed that that result was to be expected. 
Flow models should therefore be applicable to the study of deforma- 
tion insofar as it was similar to the flow of a perfect fluid not 
complicated by shear and friction effects, and provided that two- 
dimensional models satisfied symmetry requirements. Dis- 
crepancies due to this latter factor might only be serious when the 
initial and final sections were not geometrically similar and the 
reduction was large. Thus the diagram (Fig. A) showed calculated 
final flow distributions for two hypothetical cases of extrusion, 
where the sections were geometrically similar in the one case 
and not so in the other. In both cases two-dimensional flow 
models would give uniform distributions in the exit channel, a 

1“ Hydrodynamics,” Lamb, p. 61. 
® British Association Reports, 1898, pp. 143-144. 
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result which was in error for the second case. The flow lines 
must therefore be distorted throughout their courses in that case. 
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Fie. A.—Flow in Extrusion. 


It would be interesting to know whether the surface slowing- 
up and bulging of the fibres (longitudinal compression and 
transverse expansion) observed at the die entry in the model 
experiments was confirmed in like degree in actual drawing. 





AUTHORS’ REPLY. 


Professor THomMPsoN, in reply, said the authors were extremely 
gratified by the discussion that their paper had aroused. They 
were much indebted to Dr. Desch for his reference to the paper 
by Gulliver, of which they had been quite unaware. This they 
had now added to their list of references to make it complete. 

Both Dr. Desch and Dr. Hatfield raised the question of the 
influence of the viscosity. The answer was clear; provided that 
the flow was stream-line in nature, the viscosity was without 
influence. The authors did, in the early days, one or two experi- 
ments on extrusion and thought the results explained why it was 
that in satisfactory extrusion it was necessary to have a sharp 
angle to the die, and not, as one might have expected at first 
sight, a stream-line die. At the sharp angle the stream-lines 
were pressed very close together, an indication that the pressure 
on the metal at that point was extremely high. As a result, flow 
of the material took place relatively easily. On the other hand, 
in the case of a stream-line die the stream-lines were relatively 
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far apart, indicating a relatively low lateral pressure; and he 
thought, therefore, on more mature consideration it was not 
surprising that the sharp angle was required. 

With regard to Mr. Turner’s contribution, the authors, he 
agreed, had not so far at any rate been able to duplicate the cone 
or pyramid that one got at the commencement of flow in a metal. 
On the other hand one could, by using the quasiquantitative 
method that the authors had applied in the case of wire, get 
something which was rather close to it, and he was not at all 
sure that further work would not make it possible to get at any 
rate some sort of rough approximation. 

With regard to Dr. Fell’s contribution, he thought Dr. Fell 
was looking at the matter more fundamentally than the authors 
had ventured to do. If one went down to atomic displacement, 
one got a state of affairs which it was not possible, of course, even 
approximately to duplicate in this apparatus. On the other 
hand, if one considered the position which inclusions had taken 
up after a certain deformation of the metal, i.e., looked at the 
problem in a broad way, it seemed rather difficult not to believe 
that the location of the inclusions—and therefore presumably the 
metal round those inclusions—represented the position into which 
the metal had flowed. He was inclined to think that Dr. Fell 
was looking at the matter much more fundamentally than the 
method justified, but he would like to emphasise what Mr. Herbert 
very properly said when introducing the paper, that the authors 
made no dogmatic claims in any direction. 

Dr. Hatfield’s interesting and, if he might say so, characteristic 
contribution raised important points. With regard to the effect 
of inclusions, he wished to point out that they had considered 
these only from one point of view, namely, that of their effect on 
wire rod. He believed that all drawers of wire would agree that 
inclusions were bad. With regard to the nature of the inclusions, 
it was immaterial whether these were in part glassy, as Dr. 
Hatfield very properly pointed out, or crystalline as in the case 
of one of the most objectionable of all, alumina. 

There was only one other point with which he would deal, 
namely, with regard to the tube. In no case had the authors 
been able to get a more striking confirmation of the agreement 
of the flow obtained in the apparatus used and the tiow that 
actually occurred than in the case of tube drawing. They took 
the figure obtained by scribing parallel lines on the undrawn 
tube which had Leen obtained by Pomp and Schylla, and made 
a die which as nearly as possible agreed with this contour. Prints 
of each were made on semi-transparent paper, and by super- 
posing the two—the authors’ own Hele-Shaw stream-lines and 
the scribed lines obtained by Pomp and Schylla—they made a 
composite print which he was able to produce. In every particular 
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the two sets of lines were parallel from beginning to end. That 
was, he thought, the best example of the correspondence between 
the Hele-Shaw lines and the actual flow which up to the present 
they had been able to obtain. 


Mr. HERBERT, who also replied, associated himself with 
Dr. Thompson in thanking those members who had obviously 
taken some interest in and studied the paper. He agreed with 
Dr. Desch that the important point was the range through which 
the analogy held. Dr. Fell seemed to mean that the lines were 
not really flow-lines when they were a series of small move- 
ments, but if one integrated all those small movements one 
practically got a flow-line, or at any rate a line which was com- 
parable to that flow-line. Nobody had referred to the authors’ 
suggestion on the penultimate page of the paper as to the effect 
of inclusions in the wire on the wear of the die. Possibly no one 
liked to commit himself to a definite opinion, and the authors 
entirely shared that view. 


In further reply to the discussion and correspondence, the 
AUTHORS wrote that it should be pointed out, in connection with 
both the remarks of Dr. Fell as well as those of others, that the 
work described in their paper did not attempt to deal with the 
mechanism of the deformation of metals, being merely concerned 
with an investigation of the final positions taken up after flow 
had taken place. It was clear that atomic movement within a 
crystal could not possibly be expected to be analogous to the 
viscous flow of glycerine. What the authors had attempted to 
show was that after deformation had occurred it was possible, 
from the work on the stream-line flow of the fluid, to predict the 
situation of any particular particle of the metal. 

Mr. Hannah and others had pointed out that in the work on 
the suction of the glycerine through the die, the direction of the 
pressure variation was identical with that when the apparatus 
was employed in the normal manner. The authors were not, 
however, particularly concerned with this matter, the tests 
recorded being carried out merely to do what was possible to 
meet any possible criticism that the drawing of the wire might 
differ essentially from the state of affairs when the glycerine was 
forced through the die. Although under certain circumstances 
it is well known that liquids could sustain tensile stresses of no 
inconsiderable magnitude, it was not suggested that in the present 
work the liquid was drawn through the die in the same sense as 
would be a wire. 

With regard to Mr. Turner’s contribution, Gulliver! had 
shown how exceedingly closely Liiders lines could be accounted 

1 Proceedings of the Royal Society of Edinburgh, 1909-1910, vol. 30, p. 38. 
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for from Hele-Shaw stream-line pictures. It would appear, 
therefore, that even under stresses which only just exceeded the 
elastic limit the actual deformation and the viscous flow in the 
Hele-Shaw apparatus followed closely similar paths. 

The authors wished to thank Dr. Desch for his suggestion 
that the analogy between the flow of metals and that in the 
Hele-Shaw apparatus might hold only over a certain range, a 
suggestion which, if possible, they would investigate. 

They were glad to have Mr. Winterbottom’s opinion, which 
agreed with the authors’ views as well as with those of Dr. McCance, 
that inherently the Hele-Shaw method was a suitable means of 
investigating the two-dimensional flow of a metal. They were 
not clear as to the manner in which Mr. Winterbottom had calcu- 
lated the results from which his diagrams were drawn, and could 
not, therefore, express any opinion upon them. With regard to 
the question as to the bulging of wires immediately prior to their 
entrance into the die; this in certain cases could be shown to be 
an experimental fact. There were, however, others in which no 
such increase of diameter appeared to occur. 

That the flow at the surface of the die could not be strictly 
analogous to that at the surface of a metal during its passage 
through a wire drawing die was, of course, perfectly clear. Any 
discrepancies due to this cause, however, probably extended to 
such a small distance from the surface that for most purposes 
they could be entirely neglected. ; 
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EXAMINATION OF THE SURFACE OF 
TINPLATE BY AN OPTICAL METHOD.* 


By W. E. HOARE, B.Sc. (Toe INTERNATIONAL TIN RESEARCH AND DEVELOPMENT 
CounciIL), aNnD BRUCE CHALMERS, Pu.D. (THE Sm Joun Cass TECHNICAL 
INSTITUTE). 


SuMMARY. 


The surface of tinplate has been examined by an optical method 
involving the formation of interference fringes between an optical flat 
and the tin surface. 

The method enables a distinction to be made between hollows and 
reliefs in the surface, and the depth of an irregularity is easily determined 
by counting the fringes under visual observation. 

Sections of the more significant surface irregularities have been 
plotted on an enlarged scale. 

The authors point out the possibilities of the method in other fields 
of investigation. 





The usual hot-dipped tin-coating on steel is extremely thin, 
and methods of examination involving sectioning the edge at 
right angles are not sufficiently convenient to be generally 
applicable. 

A tin-coating equivalent to 1? lb. per basis box,t which is 
fairly common and satisfactory practice, is equal in thickness to 
approximately 0-0001 in. or 0-0025 mm. of tin on each side of the 
steel basis sheet. It will be seen that at a magnification of 1,000 
diameters the tin-coating will, in this case, appear as a layer only 
jy in. in thickness, in which dimension it is hardly possible to 
observe details of structure with any clarity. One of the authors, 
in a previous publication before this Institute,'” has outlined some 
of the difficulties encountered and described methods by which 
they may in some measure be overcome. 

The methods of examination described formerly, however, 
were chiefly designed as means of observing the structure of the 
FeSn, layer between the steel base and the coating metal, and 
suffer from the disadvantage that it is impossible, by their use, 
to determine with any accuracy the contours of the‘surface. It 
is with this consideration in view that the method described here 
has been devised. The technique involves the formation of 


* Communication from the Sir John Cass Technical Institute, London, received 


June 3, 1935. 
+ 1 basis box = 31,360 sq. in. of tinplate. 
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interference fringes between an optically flat surface and the 
surface of the tinplate, under vertical illumination with mono- 
chromatic light. 

Theory. 

The assumption is made that the specimen to be examined is 
vertically illuminated through an optical flat with monochromatic 
light of wavelength 2 at the site of an irregularity of depth d 
(See Fig. 1.) 








| 
| | 
Monochromatic 


Vertical Illumination 
bidd, 








Optical Flat | 





Z Yr. d 
Y1444 Wj Dro heii SLL Jz Z 
\ \ 4 
KK cK KK OK WAY Stee! sO { 
: ' ' 
3) c b 
Fia. 1.—Diagrammatic Representation of the Method of Formation of Fringes. 





Then that part of the surface of the specimen to the left of 
A will appear uniformly bright or dark, that between A and B will 
show a series of interference fringes, and that between B and (' 
will again be uniformly bright or dark. The same conditions 
obtain at the other side of the hollow. 


Along AB: 


The Ist bright band will occur at d = 2/4 

Ist dark ae » » a= x/ 2 

2nd bright ,,__,, 1+ ot — ONE 
and so on. 


If N is equal to the number of complete fringes between A and B, 
QN = 4d/a, N = 24/2. 
When A = 546uy (q.v.) 
N = (d/273) x 107 ; ; « 
and d = 273N x 107 : : - {a} 

The number N in the case of ordinary commercial grades of 
tinplate is found to be of convenient size. 

Thus in a 2 lb. grade tinplate, having approximately 0-00012 
in. of coating tin on each side of the steel basis sheet, the maximum 
value of d will obtain in the case of a true pore,* i.e., when 

d = 0-00012 in. 
from equation (i) 
N = 0-00012 x 2-54 x 107/273. 
N=11. 
* A pore is defined as a local microscopic exposure of the steel base. 
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The character of an irregularity (convexity or concavity) can 
be simply determined by applying a slight increase of pressure to 
the optical flat. As the clearance between the two surfaces 
decreases, the line of contact moves downwards across the con- 
tours. In the case of a hollow, therefore, the fringes will move 
inwards and disappear at the centre, the reverse obtaining in the 
case of a convexity. 


Apparatus. 
A sketch of the very simple apparatus required is given in 
Fig. 2. 
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Fia. 2.—Interference Apparatus. 


Monochromatic light is conveniently obtained from a mercury- 
vapour lamp equipped with a Wratten No. 62 filter, which excludes 
all wavelengths but the mercury line at 546. This line is in the 
green part of the visible spectrum and therefore quite suitable for 
photographic record. The light beam is taken through a con- 
densing system and iris diaphragm to an ordinary vertically 
illuminating metallurgical microscope, equipped, if necessary, 
with a camera attachment. The optical flat, which should be as 
thin as possible (e.g., 0-1 in.) in order to provide for a short working 
distance, and therefore a high magnification, is placed over that 
part of the surface of the specimen to be examined and held in 
position with thumbscrews to regulate the pressure. It is con- 
venicnt also to use a mechanical stage, as this facilitates moving 
the specimen, and, together with a cross-wire, is essential when 
the shape of an irregularity is being accurately plotted. 

In the initial stages of this work the authors found it convenient 
to study the defects known as grease marks. These marks are 
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clearly visible without etching, and in some cases are of fairly 
large size, giving bright and well separated fringes at compara- 
tively low magnifications. The interference effect caused by such 
an irregularity is shown in the photomicrograph (Fig. 8, Plate 
XVIII.). Using the pressure method, it was established that this 
mark, and all other grease marks inspected, are hollows in the tin 
coating, although not necessarily extending through to the 
compound layer or the steel base. A section through the grease 
mark of Fig. 8 is shown plotted in Fig. 3. 
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Specimen: Charcoal tinplate, average coating 0-00068 in. of tin on each 
side. 
Number of complete fringes, 9. 
Maximum depth, 0-000097 in. 
Average axis superficially, 0-018 in. 
Fia. 3.—Section through Grease Mark shown in Fig. 8. 


Pores. 

The positions of a number of normal pores were determined by 
a short application of the ferricyanide test paper.'?) As soon as 
a suificient number of blue spots had appeared, the positions were 
marked off, the specimen was well washed in hot water and dried, 
and the pore sites were examined under the optical flat. A micro- 
graph of the appearance of one of these pores is shown in Fig. 9. 
The section through the coating at the site of the pore shows the 
depth to be equal, within the limits of accuracy of the experiment, 
to the thickness of the tin coating, determined by the stripping 
method. '*) 
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Fic. 4.—Examination of Normal Pore. 
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The dimensions of the pore, which can be appreciated from 
the section plotted in Fig. 4, are as follows : 


Thickness of tin-coating ‘ er ‘ - 0-00018 in. 
Depth of defect . . : mt : - 0-00018(5) in. 
(17 fringes) 
Diam. of affected area of coating . . , - 0-0125 in. 
» » Steel base exposure ‘ ; ‘ - 0-002 in. 


Method of Imposed Fringes. 

For the examination of surface effects such as crystal boun- 
daries and grease lines, it was found convenient to introduce a 
slight modification of the method. 

In the modified method a set of fringes is imposed on the field 
by tilting the optical flat with respect to the specimen. This is 
quite conveniently arranged by inserting a piece of thin material 
: between the flat and the specimen at one side, or by imparting 
a difference of tightness between the thumbscrews at either end 

of the jig. (Fig. 5.) 


pepeiii 
Monochromatic 
Vertical [tlumination 
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' Fic. 5.—Diagram of Modified Method. 


The system illustrated in the figure would give a normal 
spacing of fringes of, say, » per in. (i.e., along AB and DE). 
Along BC, n decreases to zero as BC approaches a direction 
parallel to EF. Along CD, n increases until the fringes are too 
close together to be resolved at the magnification in use. 


In this method, although the base-line or “ sea-level’ of the 
contours is removed from the horizontal, the fringes can still be 
considered as lines of iso-separation between the surface points 
of the specimen and the optical flat. A suitable angle between the 
optical flat and the specimen was found to be of the order of 1°, 
giving a fringe spacing of 1,620 per in. By the use of this method 
it will be seen that it is possible to appreciate more accurately 
the position of maximum depth of an irregularity having the shape 
of a narrow channel. (Fig. 6.) 
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Fie. 6.—Diagrammatic Representation of Fringes, Method 2. 


A tin surface crystal boundary (unetched) examined in this 
way is illustrated in the photomicrograph, Fig. 10; the section 
is plotted in Fig. 7. 
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Fic. 7.—Section of Tin Surface Crystal Boundary depicted in Fig. 10. 


It is interesting to note in this respect that the effect of the 
contraction at the boundary occurs over a comparatively wide 
area. The width of the boundary was, by ordinary illumination, 
apparently of the order of 0-0002 in., while the actual boundary 
effect existed over a band nearly 0 005 in. wide. The maximum 
depth of the boundary channel was approximately 0-00005 in. 


Summary of Irregularities Examined. 
Four grades of tinplates were examined, viz. : 
Ordinary coke tinplate. . 1b. 12 0z. (coating thickness 
0-000105 in.). 
‘ charcoal tinplate . 2 |b. 4 oz. (coating thickness 
0-000135 in.). 
Charcoal tinplate . ‘ . 3b. 0 oz. (coating thickness 
0-00018 in.). 
" - : , . IL Ib. 5 0z. (coating thickness 
0-00068 in.). 














Fic. 8.—Grease Mark. 
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Pores.—Normal pores, located by the ferricyanide test, were 
found to be hollows in the tin coating equal in depth to the 
thickness of the coating. 

Crystal Boundaries.—Unetched tin crystal boundaries were 
found to be grooves or channels in the surface. In the case of 
the 3 lb. grade the maximum depth was approximately 0-00005 in. 

Ripple Marks.—Ripple marks (at right angles to the direction 
of tinning), were found to be parallel ridges and valleys in the tin 
coating, having an undulating or wavelike contour in the direction 
of tinning. In a specimen examined, the half-depth of the valleys 
was approximately one-third of the mean coating thickness. 

Grease Marks.—Isolated grease marks were found to be roughly 
circular hollows in the coating varying greatly in depth even in 
the same specimen. In no case did the depth approximate to the 
coating thickness, except where there was evidence that the mark 
was coincident with a normal pore. Excluding the 11 lb. grade 
charcoal tinplate, a fair percentage of the grease marks examined 
were of sufficient depth to penetrate to the compound layer. In 
the 11 lb. grade the concavities were of a depth generally not more 
than 25 per cent. of the coating thickness. 

Grease Lines.—Grease lines were found to be narrow channels 
in the coating. At the present stage it has not been possible to 
measure the depth accurately since the gradient appears to be 
exceedingly steep. Some of the lines examined, however, appear 
to be sufficiently deep to penetrate to the compound layer. 


Comments on the Method. 


The authors wish to emphasise that the present paper is 
intended as a preliminary description of the method, and it is 
hoped to extend the application of the technique into fields of 
higher magnifications and other surfaces. 

It should be noted that the successful application of the 
method does not depend on the possibility of the fringes being 
photographed. In practice, it is quite sufficient to plot the section 
by means of a mechanical stage, or an ocular scale ; or where the 
depth only is required, merely to count the number of complete 
fringes, each fringe representing a depth of approximately 
0-00001 in. 

Some difficulty was experienced originally in obtaining a 
sufficiently bright image for photography, and in this respect the 
use of Ilford ** Double Xpres”’ plates was a refinement. These 
plates have a sensitivity peak at 500. and are thus eminently 
suitable for the particular light in use. 

The method would appear to be applicable to the study of 
the surface contours of hot-dipped, electrodeposited and other 
coatings. 
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It is possible that the technique may also be of value in investi- 
gating some of the intrinsic properties of metals, &c., e.9., 
twinning, the formation of etching pits, slip-bands, &c. 


The authors wish to thank the International Tin Research 
and Development Council for permission to publish this work, 
and for the grant which enabled the work to be carried out. 
Thanks are also due to the Governors of the Sir John Cass Technical 
Institute and the Principal, Mr. G. Patchin, A.R.S.M., M.I.M.M., 
for facilities ; to Mr. J. C. Prytherch, B.Sc., who did most of the 
stripping tests; and to Mr. D. J. Macnaughtan, F.Inst.P., for 
his advice and interest. 
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SOME ASPECTS OF THE FATIGUE 
PROPERTIES OF PATENTED STEEL WIRES. 


II.—_ NOTE ON THE EFFECT OF LOW-TEMPERATURE 
HEAT TREATMENT.* 


By E. T. GILL, B.Sc., anp R. GOODACRE, B.Sc., Px.D. 
(MUSSELBURGH.) 


ABSTRACT. 


Low-temperature tempering of cold-drawn wire is an _ essential 
process when the material is used in the form of a spring. The effect 
of this treatment on the fatigue properties has been examined for four 
steels of 0-37, 0-55, 0-79 and 0-86 per cent. carbon content respectively, 
drawn to varying reductions, from 25 to 90 per cent., and tempered in the 
range 150° C. to 400° C. The wires were free from decarburisation 
but not polished. The following points were noted: 

Generally there is an increase in the limiting fatigue strength, the 
optimum temperature being of the order of 200° C. (for one steel, 0-79 
per cent. carbon, it was 150° C.). 

With all the steels examined, there is a critical reduction, at which 
point under certain tempering conditions the limiting fatigue stress may 
fall considerably below that for the as-drawn condition. This critical 
reduction becomes progressively lower as the carbon content increases. 

The so-called cleanliness of the steel seems to have a bearing upon 
the results. The steel with the least amount of manganese, sulphur, and 
phosphorus present gave the most widely varying figures, while for the 
steel containing the most of these elements the fatigue limit never fell 
below that for the as-drawn condition. The results generally support 
the precipitation theory of hardening. 

Fatigue limits as high as + 44-9 tons per sq. in. were obtained, and 
it is suggested that if the materials are polished, a fatigue limit of the 
order of + 55 tons per sq. in. should be possible 

As far as has been ascertained there is no direct relationship between 
the usual physical tests (bends, torsions, &c.) and the limiting fatigue 
stress. 





The effect of low temperature heat treatment upon the proper- 
ties of cold-worked materials has been studied by many 
investigators,*-16 and it has been found that tempering at tem- 
peratures up to 400° C. after cold-working modifies the propertics 
to a considerable degree, and advantage is taken of this in many 
branches of industry. The tensile strength and hardness usually 
increase up to a certain point, and the same applies to the elonga- 

* Received June 4, 1935. The research reported in this paper was carried out 
with the aid of a grant from the Carnegie Research Fund of the Iron and 
Steel Institute. 
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tion, yield point, and elastic limit, while it is usual for the ductility, 
as shown by the bend and torsion tests, to decrease. It is generally 
suggested that the optimum temperature for this type of heat 
treatment lies between 200°C. and 220°C. for plain carbon 
steels, and it is interesting to note that Pomp and Knackstedt*) 
suggested some years ago that to draw steel wire at temperatures 
between 200° C. and £00° C. might produce highly elastic material. 

However, very little investigation seems to have been made 
upon the modification of the fatigue properties of cold drawn 
steel wire after such heat treatment. It has been shown by 
Merrils® in the case of Armco iron that tempering at 375°C. 
after drawing has very little, if any, effect upon the limiting fatigue 
stress, but that the cndurance properti:s at stresses above the 
limiting fatigue stress are considerably less than in the as-drawn 
condition, and the same applies to cold-rolled streamline wires 
of 0-49 per cent. carbon content. Similar results are reported by 
Adam") for a steel of 0:45 per cent. carbon content, and the 
general opinion expressed by these two investigators, from the 
results of their experiments, is that the tempering of cold worked 
steels is harmful because it impairs their rcsistance to overload- 
ing, @ condition which often occurs in practice. But it should 
be noted that the tempering temperature used by both Merrils 
and Adam was 375° C., and higher than the sugg sted optimum 
temperature which is indicated above. Lea and Batey“® report 
an increase in the torsional fatigue limit of cold-drawn steel wire 
after heat treatment at . 00° C. 

The work reported in this paper was originally contemplated 
in order to obtain some idea ot the effect of tempcring conditions 
upon the fatigue propertiis of wires used for the manufacture 
of helical springs, but secing that rather extraordinary results 
were obtained in preliminary tests on the first steel examined 
(No. 3, 0-79 per cent. carbon), it was decided to extend the 
investigation to other stcels, and t:sts have been carricd out 
covering a range of tempering from 150° C. to 400° C. and reduction 
by drawing varying from 25 to 91 per cent. for four steels of 
varying carbon content. In acdition to fatigue tests, results of 
further physical tests are reported ; these were made to ascertain 
if there is any correlation between the fatigue results and general 
physical properties of wires after tempering. 


PREPARATION OF MATERIAL. : 


Initially it was intended to confine the investication to three 
steels ditlering fairly widely in ca.bon content. These steels, 
of 0-79, 0-55 and 0-37 per cent. carbon content, were examined 
in this respective order, and as the work progressed it became 
obvious from the results that data on a still higher carbon steel 
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would be of distinct interest, so a fourth steel of 0-86 per cent. 
carbon content was included. 


TaBLE I.—Analyses of Steels Used. 

















Steel No. Carbon. Silicon. Manganese. Sulphur. ' Phosphorus. | 
l 0-37 0-12 0-63 0-026 | 0-024 | 

2 0-55 0-16 0-79 0-029 | 0-033 

3 0-79 0-25 0:49 0-011 | 0-024 

4 0:86 0-20 0:65 0-030 | 0-028 
\ 
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The complete analyses of the four steels are given in Table I. 
In each case the test wire was drawn from lead-cooled patented 
rod free from decarburisation. The decarburised layer was re- 
moved by grinding and complete freedom from surface decar- 
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Fie. 2.—0-55% Carbon Steel Wires, free from decarburisation. Limiting fatigue 
stress after tempering. : 


burisation ensured by careful microscopic examination. A 
complete series of samples was prepared to represent fairly com- 
prehensively the complete range of cold working to which such 
wire is normally submitted. The percentage reductions by drawing 
varied somewhat with different steels; the actual values are 
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given in the accompanying tables. For the convenience of 
testing, all samples were drawn to finish at a size of 0-080 in. in 
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diam. except for one series with steel No. 3. It will be appreciated 
that in the case of the wire drawn to 0-080 in. in diam., the size 
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of the commencing patented rod varied with the percentage 
reduction required, but in the special case the test samples were 
all drawn from the same size of patented rod and taken off 
at various stages in the drawing, in order to obtain some 
information on the effect of size upon the fatigue limit value. 
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Fie. 4.—0-86% Carbon Steel Wires, free from decarburisation. Limiting fatigue 
stress after tempering. 


The patenting operations were carried out within tht tempera- 
ture range 1,000° to 1,020° C., and the lead bath temperature for 
quenching was maintained in the range 480° to 500° C. 

The cold-drawn test samples were tempered at four tempera- 
tures, namely, 150°, 200°, 300° and 400°C. In every case the 
samples were maintained at the particular temperature for 20 
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min. The heat treatment was carried out in an oil bath for the 
lower temperatures, namely 150°C. and 200°C., and in a salt 
bath for the remaining two. 
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Fic. 5.—0:79% Carbon Steel Wires, free from decarburisation. Limiting fatigue 
stress after tempering, taken at various stages in reduction. 
TaBLe I1.—Mechanical Properties of 0-37 per Cent. Carbon, 
Patented Wires in As-Drawn Condition. 


0:37 per cent. carbon lead-cooled patented wires drawn from rods free from 
decarburisation. Wires in as-drawn condition. 
































Ratio of 
Torsions Limiting Limiting 
Reduc- Tensile Bends (Average) Fatigue Fatigue 
tion Strength. (Average) Gauge Stress. Stress 
by No. of Tons per Angle 180° | Length = Tons per (Total 
Drawing. | Holes. sq. in. Radius Diam. sq. in. Range) to 
% 7-5 mm. x 100. Tensile 
Strength. 
35-0 1 65-9 20 32 + 22-2 0-675 
55-5 2 69-0 21 35 + 23-5 0-681 
61-0 3 13°7 27 36 + 24-9 0-675 
64-0 3 73°9 25 36 + 24-7 0-669 
68-0 3 74°5 24 41 + 26-0 0-699 
70-5 4 78-2 24 40 + 25:3 0-647 
76-8 4 82-2 24 41 + 25°9 0-631 
81-0 5 84-0 20 41 + 26-2 0-624 | 
84-0 6 88-2 20 37 + 26-2 0-594 | 
91-0 8 101-0 20 34 + 28-2 | 0-556 





Fatigue tests, using the Haigh-Robertson fatigue machine, 
were made on the complete series of tempered wires and also 
on the same wires in the as-drawn condition. 

Other physical tests carried out included the bend test (180° 
bends over 74 mm. radius jaws) torsions on a gauge length of 
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100 times the diameter, tensile strength, and elastic limit, or 
limit of proportionality. In the latter determination the modulus 
of elasticity was also ascertained, and it was found that the 
variations in the value were insufficient to affect the fatigue 
calculations. 

The complete physical test results are given in the accompany- 
ing tables. 


TaBLe III.—Mechanical Properties of 0-37 per Cent. Carbon, 


Patented Wires in Tempered Condition. 


0-37 per cent. carbon lead-cooled patented wires drawn from rods free from 
































decarburisation. Wires tempered 20 min. at 150° C. 
Ratio of 
Torsions Limiting 
Reduc- Elastic Tensile Bends (Average ) Limiting Fatigue 
tion Limit. | Strength.| (Average) Gauge Fatigue Stress 
v Tons per | Tons per | Angle 180° | Length = Stress. (Total 
Drawing. sq. in. sq. in. Radius Diam. Tons per Range) to 
% 7-5 mm. x 100. sq. in. Tensile 
Strength. 
35-0 32-3 64-4 22 10 + 27-0 0-841 
55-5 34-1 66-7 20 36 + 26°7 0-802 
61-0 37°7 69-8 22 38 + 27-1 0-775 
64-0 39-5 70-6 23 41 + 27-1 0-778 
68-0 38°5 71-9 22 36 + 30-0 0-835 
70-5 36-8 75°5 24 38 + 29°5 0-782 
76-8 46-7 78-2 24 | 38 + 33-6 0-860 
81-0 | 43-0 | 80-6 22 | 40 + 30-9 0-765 
84-0 47-5 85-4 17 | 32 + 29-7 0-697 
91-0 57-4 95-5 17 | 35 + 33-6 0-694 
| 





TaBLE IV.—Mechanical Properties of 0-37 


0-37 per cent. carbon lead-cooled patented wires drawn from rods free from 


per Cent. Carbon, 


Patented Wires in Tempered Condition. 



































decarburisation. Wires tempered 20 min. at 200° C. 
Ratio of 
Torsions Limiting 
Reduc- Elastic Tensile Bends (Average) Limiting Fatigue 
tion Limit. | Strength.| (Average) Gauge Fatigue Stress 
by Tons per | Tons per | Angle 180° Length = Stress. (Total 
Drawing. sq. in. sq. in. Radius Diam. Tons per Range) to 
% 7-5 mm. x 100. sq. in. Tensile 
Strength. 
35-0 35-9 65-0 18 10 +[26-6 0-820 
55-5 37°7 67-0 19 41 + 26°7 0-798 
61-0 43-9 70-5 22 35 + 27:7 0-786 
64-0 40-4 70-5 16 35 + 27°8 0-789 
68-0 43-0 75-0 22 39 + 30°3 ‘0-810 
70-5 46-7 76-0 22 35 + 30-1 0-793 
76-8 52-0 79-5 24 43 + 34:0 0-856 
81-0 53-8 80-3 20 38 + 31-1 0-774 
84-0 50-2 87-6 19 35 + 28-9 0-661 
91-0 62-8 97-6 20 33 + 35-2 0-722 
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TaBLE V.—Mechanical Properties of 0:37 per Cent. Carbon, 


Patented Wires in Tempered Condition. 


0-37 per cent. carbon lead-cooled patented wires drawn from rods free from 
decarburisation. 


Wires tempered 20 min. at 300° C. 
































| Ratio of 

Torsions Limiting 

Reduc- Elastic Tensile | Bends (Average) Limiting Fatigue 
tion Limit. | Strength.| (Average) Gauge Fatigue Stress 
by Tons per | Tons per | Angle 180° | Length = Stress. (Total 

Drawing. sq. in. sq.in. | Radius Diam. Tons per Range) to 
% | 7-5 mm. x 100. sq. in. Tensile 

| Strength. 

| 
35-0 39-5 62-6 | 23 9 + 23-0 0-743 
55-5 39-5 63-8 20 33 + 28-0 0-894 
61-0 42-1 67-1 | 21 28 + 28:7 0-857 
64-0 50-2 67:9 | 24 28 + 27-4 0-808 
68-0 49-4 72-0 | 23 35 + 29-0 0-806 
70-5 46-7 73°5 22 31 + 31-6 0-860 
76-8 52-0 77°77 | 23 34 + 30-5 0-785 
81-0 57:4 79°5 22 35 + 29-6 0-744 
84-0 | 66-4 | 83-0 | 18 24 + 25-2 0-607 
91-0 68-1 91-0 | 18 35 + 33-7 0-730 
TaBLE VI.—Mechanical Properties of 0-37 per Cent. Carbon, 
Pp Pp 


Patented Wires in Tempered Condition. 
0-37 per cent. carbon lead-cooled patented wires drawn from rods free from 








decarburisation. Wires tempered 20 min. at 400° C. 

Ratio of 

Torsions Limiting 

Reduc- Elastic Tensile Bends (Average) Limiting Fatigue 
tion Limit. | Strength.| (Average) Gauge Fatigue Stress 
by Tons per | Tons per | Angle 180° Length = Stress. (Total 

Drawing. 6q. in. sq. in. Radius Diam. Tons per Range) to 
% 7-5 mm. x 100. sq. in. Tensile 

Strength. 

35-0 39°5 64-2 20 9 + 21-7 0-675 
55:5 47°5 67-0 21 3+ + 26-0 0-765 
61-0 46-7 67-3 23 29 + 26°3 0-781 
64-0 49-4 68-0 21 £0 + 26-7 0-785 
68-0 50-2 72-5 21 27 + 28-4 0-768 
70-5 55-6 74:4 20 50 + 24-0 0-646 
76-8 55-6 75°5 20 30 +22 0-720 
81-0 55-6 77°6 20 36 + 27-6 ‘0-711 
84-0 60-1 81-5 17 34 + 26-0 0-638 
91-0 70-9 86-9 18 34 + 33°5 0-771 





























DIscUSSION OF RESULTS. 


The data obtained are given in Tables II. to X XIII. and the 
limiting fatigue stresses are shown graphically in Figs. 1 to 5, 








152 GILL AND GOODACRE : FATIGUE PROPERTIES OF 


being plotted against the percentage reduction by drawing for each 
of the tempering temperatures. 
The following points were noted : 


(1) Usually there is an increase in the limiting fatigue strength 
after tempering up to approximately 60 per cent. reduction by 


TaBLE VIJ.—Mechanical Properties of 0:55 per Cent. Carbon. 
Patented Wires in As-Drawn Condition. 


0-55 per cent. carbon lead-cooled patented wires drawn from rods free from 
decarburisation. Wires in as-drawn condition. 











: Ratio of 
Torsions Limiting Limiting 

Reduc- Tensile Bends (Average) Fatigue Fatigue 
tion Strength. (Average) Gauge Stress. Stress 
by No. of Tons per Angle 180° | Length = Tons per (Total 

Drawing. | Holes. sq. in. Radius Diam. sq. in. Range) to 
% 7°5 mm. x 100. Tensile 

Strength. 
25 1 84-5 14 36 + 26°4 0-629 
50 2 93-5 18 36 + 28-7 | 0-614 
715 4 103-1 22 38 + 30:8 0-594 
80 5 105-5 24 39 + 32:0 | 0-605 
85 6 117-5 21 43 + 32-6 0-555 
89 7 122-0 18 36 + 33-4 | 0-547 


























TaBLE VIII.—Mechanical Properties of 0:55 per Cent. Carbon, 
Patented Wires in Tempered Condition. 


0-55 per cent. carbon lead-cooled patented wires drawn from rods free from 
decarburisation. Wires tempered 20 min. at 150° C. 





























| 

Ratio of 

Torsions Limiting 

Reduc- Elastic Tensile Bends (Average) Limiting Fatigue 
tion Limit. | Strength.| (Average) Gauge Fatigue Stress 
by Tons per | Tons per | Angle 180° | Length = Stress. (Total 

Drawing. sq. in. sq. in. Radius Diam. Tons per Range) to 
% 7°5 mm. x 100. sq. in. Tensile 
Strength. 
25 48-4 80-1 13 36 + 30-1 0-755 
50 53-8 | 89-1 18 35 + 34-4 0-772 
75 57-4 102-7 23 30 + 37°8 0-735 
80 53-8 | 109-0 24 38 + 34-6 0-635 
85 82:5 120:1 23 42 + 35:6 0-594 
89 80-7 | 123-1 16 34 + 35-2 0-570 








drawing, but beyond this point a change takes place. In all 
cases there is a definite break in the curves and in many cases 
the limiting fatigue stress falls below the value for the as-drawn 
condition ; with those which do not fall below this value the 
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limiting fatigue stress is only slightly raised in comparison with 
the other percentage reductions. 

(2) The position of the discontinuity noted in (1) varies with 
the carbon content, becoming progressively lower as the carbon 


TaBLeE IX.—Mechanical Properties of 0:55 per Cent. Carbon, 
Patented Wires in Tempered Condition. 


0-55 per cent. carbon lead-cooled patented wires drawn from rods free from 











decarburisation. Wires tempered 20 min. at 200° C. 
Ratio of 
Torsions Limiting 
Reduc- Elastic Tensile Bends (Average) Limiting Fatigue 
tion Limit. Strength. | (Average) Gauge Fatigue Stress 
by Tons per | Tons per | Angle 180° | Length = Stress. (Total 
Drawing. eq. in. sq. in. Radius Diam. Tons per Range) to 
% 7°5 mm. x 100. sq. in. Tensile 
Strength. 
25 59-2 82-0 13 21 + 30:2 0-735 
50 68-1 97-1 17 20 + 32-3 0-666 
75 73°5 99-0 24 38 + 37-3 0-754 
80 72-6 105-5 24 30 + 34:0 0-645 
85 75°4 118-9 21 37 + 39-4 0-677 
89 66-8 127-3 16 31 + 40°5 0-635 


























TaBLE X.—Mechanical Properties of 0-55 per Cent. Carbon, 
Patented Wires in Tempered Condition. 
0:55 per cent. carbon lead-cooled patented wires drawn from rods free from 











decarburisation. Wires tempered 20 min. at 300° C. 
Ratio of 
Torsions Limiting 
Reduc- Elastic Tensile Bends (Average) Limiting Fatigue 
tion Limit. | Strength.| (Average) Gauge Fatigue Stress 
y Tons per | Tons per | Angle 180° | Length = Stress. (Total 
Drawing. sq. in. sq. in. Radius Diam. Tons per Range) to 
% 7°5 mm. x 100. sq. in. Tensile 
Strength. 
25 53-8 81-0 14 4 + 28-4 0-701 
50 62-8 86-4 19 7 + 33-5 0-775 
75 71-8 100-9 24 33 + 36-1 0-715 
80 717°3 98-2 23 41 + 33-6 0-685 
85 75-4 109-9 20 32 + 34-2 0:622 | 
89 71-8 | 1039-5 15 30 + 38-0 0:695 | 
| 


























content increases. Thus with steel No. 1, containing 0:37 per 
cent. of carbon, it occurs at about 84 per cent. reduction, although 
when the tempering temperature is above 300°C. there are 
signs of the formation of a second break in the curve ; with steel 
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No. 2, containing 0-55 per cent. of carbon, the minimum value 
is reached at 80 per cent. reduction, and with steel No. 3 (0:79 


per cent. 


TaBLE XI.—Mechanical Properties of 0:55 per Cent. 


carbon) 


it occurs at 


75 per cent. 
cent. reduction, and with steel No. 4 (0-86 per cent. 


Patented Wires in Tempered Condition. 
0-55 per cent. carbon lead-cooled patented wires drawn from rods free from 


decarburisation. 


Wires tempered 20 min. at 400° C. 


to 80 


per 
carbon) 


Carbon, 














L 




















Ratio of 

Torsions Limiting 

Reduc- Elastic Tensile Bends (Average) Limiting Fatigue 
tion Limit. Strength. | (Average) Gauge Fatigue Stress 
by Tons per | Tons per | Angle 180° | Length = Stress. (Total 

Drawing. | sq. in. sq. in. Radius Diam. Tons per Range) to 
% 7-5mm. x 100. sq. in. Tensile 

Strength. 

25 £0-2 73-8 15 6 + 30-5 0-827 
£0 57-4 79°5 16 9 + 32-4 0-815 
75 68-8 87-4 16 <0 + 36-0 0-824 
£0 76-3 86-4 17 33 + 34:0 0-788 
85 71-8 91-8 13 4 + 34-2 0-745 
89 74-5 93-4 9 27 + 36°5 0-780 











TaBLE XII.—Mechanical Properties of 0-79 per Cent. Carbon, 
Patented Wires in As-Drawn Condition. 


0-79 per cent. carbon lead-cooled patented wires drawn from rods free from 
decarburisation. Wires in as-drawn condition. 








































Ratio of 
Torsions Limiting Limiting 
Reduc- Tensile Bends (Average) Fatigue Fatigue 
tion Strength. (Average) Gauge Stress. Stress 
by No. of Tons per Angle 180° Length = Tons per (Total 
Drawing. | Holes. sq. in. Radius Diam. sq. in. Range) to 
% 7°5 mm. x 100. Tensile 
Strength. 
25 1 98-2 15 16 + 26°8 0-546 | 
50 2 114-8 19 25 + 31°8 0-554 
75 4 133-0 22 41 + 34:8 0-524 | 
80 5 137-0 22 43 + 35-0 0-511 | 
85 6 138-0 21 29 + 35-7 0-513 | 
89 8 141-0 21 24 + 36:2 0-510 | 
| 





at 70 to 75 per cent. reduction. In the latter steel there 
are distinct signs that it is overdrawn after a reduction 
of 82 per cent., because the limiting fatigue strength in the 
as-drawn condition decreases after this point and there is very 
little recovery after tempering. 
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(3) High values of the limiting fatigue stress may be obtained 
under certain conditions. With steel No. 1, the maximum value 
obtained was + 35 tons per sq. in. when drawn to 91 per cent. 
reduction and tempered at 200°C. Steel No. 2 gives a maximum 


TaBLe XIII.—Mechanical Properties of 0:79 per Cent. Carbon. 
Patented Wires in Tempered Condition. 


0-79 per cent. carbon lead-cooled patented wires drawn from rods free from 




















decarburisation. Wires tempered 20 min. at 150° C. 
| 
| | | | Ratio of 
Torsions Limiting 
Reduc- Elastic Tensile Bends (Average) Limiting Fatigue 
tion Limit. Strength. (Average) Gauge Fatigue Stress 
by Tons per | Tons per | Angle 180° | Length = Stress. (Total 
Drawing. sq. in. sq. in. Radius Diam. Tons per Range) to 
7°5 mm. x 100. sq. in. Tensile 
Strength. 
: | 
| 
25 63-0 | 103-0 | 3l 32 + 26-5 0-515 
& 67-2 111-8 20 18 + 36°8 0-660 
75 70:0 123-9 32 37 + 30-0 0-485 
£0 £0-7 129-5 32 37 + 80-0 0-463 
85 £0:7 131-0 | 21 é + 41-5 0-634 
89 89-8 | 136-8 | 21 | 24 + 40-3 0-580 
| | | ! 

















TaBLE XIV.—Mechanical Properties of 0:79 per Cent. Carbon, 
Patented Wires in Tempered Condition. 


0-79 per cent. carbon lead-cooled patented wires drawn from rods free from 




















decarburisation. Wires tempered 20 min. at 200° 
| | | | | Ratio of 
| Torsions | Limiting 
Reduc- Elastic Tensile Bends (Average) Limiting | Fatigue 
tion Limit. Strength. | (Average) Gauge Fatigue | Stress 
by Tons per | Tons per | Angle 180° | Length = Stress. (Total 
Drawing. sq. in, sq. in. Radius Diam. Tons per Range) to 
% 7-5 mm. x 100. sq. in. Tensile 
| Strength. 
| | | 
| | 
25 62-7 | 102-6 s |; @ +27-0 | 0-526 
£0 67-3 112-0 19 | 19 + 37-0 0-6€0 
75 £0-7 126-1 30 | 35 | + 29-5 0-468 
80 77-0 | 129-1 32] 0 85] 29-5 0-454 
85 85-2 | 129-9 21 | 31 | + 40-0 0-616 
89 77-0 140-2 21 | 25 | + 40°5 0-578 











value of + 40-5 tons per sq. in. when drawn to 89 per cent. 
reduction and tempered at 200° C., and steel No. 3, when drawn 
to 85 per cent. reduction and tempered at 150° C., gives a 
maximum value of + 41-4 tons per sq. in. In the case of steel 
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No. 4,a maximum of + 44-9 tons per sq. in. is obtained with 
78 per cent. reduction after tempering at 200° C. 

When it is pointed out that none of the specimens tested was 
in a polished condition—that is, the wires would still contain 


TaBLE XV.—Mechanical Properties of 0:79 per Cent. Carbon, 
Patented Wires in Tempered Condition. 


0-79 per cent. carbon lead-cooled patented wires drawn from rods free from 








decarburisation. Wires tempered 20 min. at 300° C. 
Ratio of 
Torsions Limiting 
Reduc- Elastic Tensile Bends (Average) Limiting Fatigue 
tion Limit. | Strength. | (Average) Gauge Fatigue Stress 
by Tons per | Tons per | Angle 180° | Length = Stress. (Total 
Drawing. sq. in. sq. in. Radius Diam. Tons per Range) to 
% 7°5 mm. x 100. sq. in. Tensile 
Strength. 
25 44-7 | 96-9 29 16 + 26-5 0-558 
50 70-0 104-1 19 12 + 33-5 0-645 
75 89-7 118-3 32 26 + 29-0 0-514 
80 64-5 122-0 31 25 + 28-0 0-458 
85 85-0 124-2 21 27 + 36-0 0-580 
89 80-6 129-5 21 28 + 37°56 0-580 





























TaBLeE XVI.—Mechanical Properties of 0:79 per Cent. Carbon, 
Patented Wires in Tempered Condition. 


0-79 per cent. carbon lead-cooled patented wires drawn from rods free from 
decarburisation. Wires tempered 20 min. at 400° C. 







































Ratio of 
Torsions Limiting 
Reduc- Elastic Tensile Bends (Average) Limiting Fatigue 
tion Limit. | Strength.| (Average) Gauge Fatigue Stress 
by Tons per | Tons per | Angle 180° | Length = Stress. (Total 
Drawing. sq. in. 8q. in. Radius Diam. Tons per Range) to 
% 7°5 mm. x 100. 8q. in. Tensile 
Strength. 
25 53:8 85-6 22 19 + 24-8 0-580 
50 62-7 | 91-0 12 9 + 32-5 0-714 
75 62:7 98-6 19 17 + 26-0 0-528 
80 71-5 101-2 16 20 + 27-5 0-542 
85 75-5 | 104-1 . 22 + 32-5 0-624 
89 71-5 106-1 10 24 + 34-0 0-640 





slight draw marks and defects—it seems rather amazing that 
such high values should be obtained; and since polishing can 
result in an increase of about 24 per cent. in the limiting fatigue 
stress, as the authors''”) have already shown, the true fatigue 
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limits of these materials ought to be of the order of from +47 
to + 55 tons per sq. in. This would give ratios of limiting fatigue 
stress (total range) to tensile stress of the order of 0-80 in the case 
of the higher carbon content, rising to unity with the lower carbon 


TaBLe XVII.—Mechanical Properties of 0:86 per Cent. Carbon, 
Patented Wires in As-Drawn Condition. 


0:86 per cent. carbon lead-cooled patented wires drawn from rods free from 








decarburisation. Wires in as-drawn condition. 
Ratio of 
Torsions Limiting Limiting 
Reduc- _ Tensile Bends (Average) Fatigue Fatigue 
tion Strength. (Average) Gauge Stress. Stress. 
by No. of Tons per Angle 180° | Length = Tons per (Total 
Drawing. | Holes. sq. in. Radius Diam. 8q. in. Range) to 
% 7°5 mm. x 100. Tensile 
Strength. 
35-0 1 112-0 15 19 + 31°8 0-568 
55-5 2 126-8 20 26 + 32°7 0-516 
61-5 3 128-0 20 3l + 33-0 0-516 
64-5 3 130-2 20 23 + 33-0 0-506 
70-0 4 137°3 18 24 + 37-4 0-544 
75-0 4 140-5 18 25 + 40-1 0:57 
78-0 5 145-0 18 25 + 42-1 0-581 
82:0 5 156-3 14 23 + 42-4 0-541 
84-0 6 165-2 16 22 + 34-2 0-413 
87-0 7 165-0 12 21 + 35-4 0-429 


























TaBLE XVIII.—Mechanical Properties of 0-86 per Cent. Carbon, 
Patented Wires in Tempered Condition. 


0-86 per cent. carbon lead-cooled patented wires drawn from rods free from 





























decarburisation. Wires tempered 20 min. at 150° C. 
Ratio of 
Torsions Limiting 
Reduc- Elastic Tensile Bends (Average) Limiting Fatigue 
tion Limit. | Strength. | (Average) Gauge Fatigue Stress 
by Tons per | Tons per | Angle 180° | Length = Stress. (Total 
Drawing. | sq. in. sq. in. Radius Diam. Tons per Range) to 
% 7°5 mm. x 100. sq. in. Tensile 
Strength. 
35-0 69-5 107-8 15 6 + 35-1 0-652 
55°5 67°3 120°3 19 18 + 40-4 0-671 
61-5 62-8 124-0 19 23 | + 41-0 0-660 
64-5 83-0 125-7 20 3l + 40-9 0-650 
70:0 83-0 129-5 18 33 + 39-9 0-616 
75-0 80:8 138-0 18 27 + 40-0 0-578 
78-0 80-8 147-2 16 20 + 40:6 0-550 
82-0 92-0 152-5 15 22 + 39°5 0-518 
84-0 89-7 165-0 13 21 + 38-7 0-469 
87-0 89-7 166-0 10 19 + 36°5 0-440 
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content, values which to the authors’ knowledge have not been 
obtained with cold-worked materials except mild steel. 

(4) Generally the maximum increases in the limiting fatigue 
stresses for all percentage reductions occur after tempering at 


TaBLE XIX.—Mechanical Properties of 0-86 per Cent. Carbon, 
Patented Wires in Tempered Condition. 


0-86 per cent. carbon lead-cooled patented wires drawn from rods free from 








decarburisation. Wires tempered 20 min. at 200° C. 
Ratio of 
Torsions Limiting 
Reduc- Elastic Tensile Bends (Average) Limiting Fatigue 
tion Limit. | Strength.| (Average) Gauge Fatigue Stress 
by Tons per | Tons per | Angle 180° | Length = Stress. (Total 
Drawing. sq. in. sq. in. Radius Diam. Tons per Range) to 
% 7°5 mm. x 100. sq. in. Tensile 
Strength. 
35-0 78-5 108-4 14 5 + 34-3 0-596 
55-5 78-5 119-5 19 23 + 40-5 0-678 
61-5 78-5 124-7 19 17 + 40-3 0-648 
64-5 96-5 124-9 19 22 + 41-6 0-665 
70-0 96-5 132-6 17 29 + 41-6 0-627 
75-0 98-8 134-1 b% 23 + 39-0 0-582 
78-0 101-0 141-7 17 29 + 45-0 0-636 
82-0 112-2 151-0 14 27 + 39-5 0-523 
84-0 130-0 157-0 13 22 + 37-0 0-472 
87-0 125-7 161-1 10 2 + 39-3 0-488 


























TaBLE XX.—Mechanical Properties of 0:86 per Cent. Carbon; 
Patented Wires in Tempered Condition. 


0-86 per cent. carbon lead-cooled patented wires drawn from rods free from 



































decarburisation. Wires tempered 20 min. at 200° C. 

Ratio of 

Torsions Limiting 

Reduc- Elastic Tensile Bends (Average) Limiting Fatigue 
tion Limit. | Strength.| (Average) Gauge Fatigue Stress 
by Tons per | Tons per | Angle 130° Length = Stress. (Total 
Drawing. sq. in. sq. in. Radius Diam. Tons per Range) to 
% 7°5 mm. x 100. sq. in. Tensile 
Strength. 

35-0 74-0 106-8 . 14 4 + 31:8 0-579 
65-5 83-0 103-3 17 28 + 34-6 0-596 
61-5 87-5 116-9 18 25 + 36°8 0-6.0 
64-5 83-0 117-4 19 29 + 36-1 0-614 
70-0 87-5 124-0 17 25 +'35-0 0-564 
75:0 89-7 126-2 19 28 + 39-0 0-617 
78-0 89-7 130-9 17 22 + 37°6 0-575 
82-0 107°8 139-0 16 22 + 36-1 0-519 
84-0 112-2 148-0 12 26 + 34-8 0-470 
87-0 112-2 148-0 12 24 + 36-4 0-491 
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200° C. except in the case of steel No. 3, containing 0-79 per cent. 
of carbon, where it is possible that 160° C. gives the best results. 
This is quite in accordance with the remark made in the intro- 


TaBLE XXI.—Mechanical Properties of 0-86 per Cent. Carbon, 
Patented Wires in Tempered Condition. 


0-86 per cent. carbon lead-cooled patented wires drawn from rods free from 

















decarburisation. Wires tcmpered 20 min. at 400° C. 
! 1 
Torsions Ratio of | 
Reduc- Elastic Tensile Bends (Average) Limiting Limiting | 
tion Limit. | Strength. | (Average) Gauge Fatigue Fatigue | 
by Tons per | Tons per | Angle 180° | Length = | Stress. Stress 
Drawing. sq. in. sq. in. Radius Diam Tons per (Total | 
% 7-5 mm. x 100. sq. in. Range) to 
Tensile | 
Strength. | 
| 
35-0 67-3 94-2 10 7 + 35:1 0-745 
55°5 71-8 98-5 8 6 + 35-4 0-718 
61-5 71-8 103-0 9 7 + 35°6 0-678 
64-5 74-0 105-8 8 + + 37°5 0-710 
70°5 76-3 105-0 8 25 + 36-0 0-684 
75-0 £0-8 107-4 8 27 + 33-0 0-614 
78-0 85-1 111-2 7 17 + 36:1 0-646 
82-0 87-5 114-8 7 16 + 33-9 0-592 
84-0 89-7 119-2 4 14 + 34:5 | 0-577 
87-0 94-3 | 121-0 4 14 + 31-7 | 0-524 
! | 

















TaBLE XXII.—Mechanical Properties of 0:79 per Cent. Carbon, 
Patented Wires in As-Drawn Condition. 


0-79 per cent. carbon lead-cooled patented wires drawn from rod 0-232 in. diam., 


free from decarburisation. 


Wires in as-drawn condition. 





| 
| 














Ratio of 
Limiting Limiting 
Diameter | Reduc- Tensile | - Bends Torsions Fatigue Fatigue 
ot Wire. tion Strength. (Average) (Average) Stress. Stress. 
In. by Tons per | Angle 180° Gauge Tons per | (Total 
Drawing. sq. in. Radius Length = sq. in. Range) to 
% 7°5 mm. Diam. Tensile 
x 100. Strength. 
0-144 41-5 100-3 9 3l + 24-6 0-488 
0-128 69-5 103-0 12 33 + 26-3 0-511 
0-116 75-0 103-6 13 34 + 28°3 0-521 
0-104 £0-0 115-6 15 31 + 30°9 0-534 
0-092 84-2 124-5 20 33 + 35-4 0-572 
0:0:0 | 88-0 | 143-0 25 27 + 38-1 0-532 




















duction, that the optimum temperature for tempering cold-worked 
plain carbon steels lics between 200° C. and 220°C. 


Special reference ought to be made to Fig. 5, which gives 
results for 0:79 per cent. carbon material tested at varying stages 
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in reduction instead of all at one size. Comparison with Fig. 3 
will show that the fatigue ranges are not quite as high as when 
all are drawn to 0-080 in. in diam., except for the highest per- 
centage reductions where the sizes are comparable. Hence it 
is concluded that there is a “size effect,’ which can probably 
be traced to the patenting process, as the larger size of rod tends 
to cool more slowly, thereby causing slight differences in the 
sorbitic structure which modify the properties of the drawn wire. 
In this curve the discontinuity after heat treatment is confirmed, 
but it occurs at a lower percentage reduction, 70 per cent. instead 


TaBLE XXIII.—Mechanical Properties of 0-79 per Cent. Carbon, 
Patented Wires in Tempered Condition. 


0-79 per cent. carbon lead-cooled patented wires drawn from rod 0-232 in. in diam., 
free from decarburisation. Wires tempered 30 min. at 200° C. 








Ratio oi 

Limiting | Limiting 

Diameter | Reduc- Tensile Bends Torsions Fatigue Fatigue 
of Wire. tion Strength.| (Average) (Average) Stress. | Stress. 
In. by Tons per | Angle 180° Gauge Tons per | (Total 

Drawing. sq. in. Radius Length = sq. in. Range) to 

% 7:5 mm. Diam. Tensile 

x 100. Strength. 

0-144 41-5 103-0 8 30 + 26-4 | 0-514 
0-128 69-5 106-5 9 32 + 23°7 0-445 
0-116 75:0 110-1 13 31 + 27-4 0-496 
0-104 | 80-0 | 120-5 15 31 + 33-0 0-547 
0-092 84-2 128-1 20 32 + 40-1 0-626 
0-080 88-0 140-0 27 25 + 42-8 0-612 





























of 75 to 80 per cent. Also it should be pointed out that the time 
of tempering was longer; this may play some part, but until 
it has been investigated further no conclusions can be made. 
However, it does tend to show that the observations made above 
may have to be modified in degree when applying them to larger 
sized materials, and all that they show is the tendency rather 
than the true condition. 

The authors still have under consideration the question of 
endurance at stresses above the limiting fatigue stress for these 
tempered materials. The analysis of the results obtained is not 
complete as yet and it is hoped to record them at some future 
date, but certain observations may be stated here. The endur- 
ance properties are related to the ductility of the material, 
and general inspection of the figures given in the tables shows 
that they are in accordance with previous results in that tempering 
causes a decrease in the bends and torsions. However, this is not 
always the case. It will be noted that it is usually marked tor 
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the low and high percentage reductions, but with the inter- 
mediate reductions tempering up to 200° C. has very little effect 
when compared with the as-drawn condition, and in some cases 
there is an actual increase. This same effect applies to the en- 
durance to repeated stresses; inspection of the fatigue curves 
shows an improvement compared with the as-drawn condition. 

The question of the correlation of fatigue with other physical 
properties has received the attention of many investigators. It 
has been shown by the authors"? that there is no apparent 
connection between the fatigue and other physical properties 
of wire except in the case of reverse bends, and this is only 
qualitative. This same statement applies to wires in the tempered 
condition when the results are considered as a whole. 

The elastic limits, or more accurately limits of proportionality, 
have been determined, and general inspection of the results shows 
that tempering at 200°C. is suflicient to obtain the highest 
values; at higher temperatures there is little or no elevation. 
With steel No. 3 (0-79 per cent. carbon) the highest values can 
he obtained by tempering at 150°C. This is quite in accordance 
with some results published by Greaves,'*) who showed that cold- 
drawn wire must be heated to at least 200° C. before constant 
stress with constant strain can be established for the material 
at normal temperatures. Rees‘) also mentions a similar effect, 
namely, that the limit of proportionality increases up to 200° C., 
which is the optimum temperature. Hence it can be said that 
there is apparently no connection between the fatigue of tempered 
wires and the corresponding limit of proportionality, seeing that 
the limiting fatigue stress decreases while the limit of proportion- 
ality remains constant. Further, there seems to be no parallel 
discontinuity in the elastic limit as the percentage reduction 
increases, a8 compared with the limiting fatigue stress. 

It has been considered by Gough") that the ultimate strength 
is the only mechanical property permitting correlation with 
alternate bending stress, and most investigators seem to concur 
with this opinion. The results of Forsman*) show that high 
tensile strength is accompanied by high fatigue limit. However, 
this does not seem to be the case with cold-drawn wires, both in 
the as-drawn condition, and after tempering. It will be noted 
by reference to the tables that the ratios of the limiting fatigue 
stress to tensile stress for the wires which have been examined 
show a very wide variation. The maximum differences are : 
Steel No. 1 (0-37 per cent. carbon), 53 per cent.; steel No. 2 
(0-55 per cent. carbon), 51 per cent. ; steel No. 3 (0-79 per cent. 
carbon), 40 per cent.; and steel No. 4 (0-86 per cent. carbon), 
74 per cent. These figures are calculated on the lowest observed 
values. Lessels'®) suggests that the true elastic limit, that is, 
the endurance limit, is related to the ultimate strength alone, 

1935—ii M 
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but adds that it is influenced by three factors, internal stress as 
measured by the yield stress, the elastic limit and the micro- 
structure. It would seem from the authors’ results that these 
factors are very variable, indeed so variable as to suggest that 
there is no practical relationship between these two properties 
for wire in the as-drawn and tempered conditions. 

It is doubtful whether the true reason can be given for the 
results obtained and described in this paper. Several theories 
have been developed to explain the changes which take place 
in the properties of metals after cold-work, and these have been 
used to give reasons for the modifications produced by low- 
temperature heat treatment. 

These theories and hypotheses can be placed under three 
headings : The amorphous metal theory, internal stress theories 
and precipitation theories. The amorphous metal theory, first 
suggested by Beilby, has been developed by Rosenhain and by 
Aitchison * for cold-worked materials. Grossmann and Snyder‘ 
offer a slight modification to make it applicable to the changes 
which take place after tempering cold-worked metals. They report 
that their evidence supports the hypothesis that these phenomena 
(changes in properties) originate in the amorphous metal produced 
by cold-work. The grains of the metal deform by block slip, the 
regions between becoming amorphous. The reheating causes a 
certain amount of rearrangement into thin layers which obstruct 
slip, but above a temperature of about 315°C. the size of the 
recrystallised layers has become too large to prevent slip. 

It has been suggested by other investigators that conditions 
of internal stress, assumed to have been caused by atomic slip 
or glide in the crystal, due to deformation, are responsible for 
the change in the properties. This was used by Merrils) to 
explain why the fatigue and elastic limits of cold-worked materials 
could be raised by understressing with repeated stresses, and why 
the endurance properties were modified by heat treatment, it 
being assumed that a certain amount of relief of the internal 
stresses takes place. The possible variation of internal stress 
was used by Haigh'?” in the development of his hysteresis theory 
of fatigue. 

The precipitation theory attacks the question from another 
point of view. It assumes that ageing, both normal and artificial, 
is caused by the precipitation of submicroscopic particles from 
the «-iron in the case of steels or the solvent metal in the case 
of other alloys. It is presumed that the precipitation causes 
distortion in the space lattice, thereby hindering slip. It is also 
considered that the precipitation is considerably modified by 
previous working. But, so far, neither the nature of the precipitate 
nor the mechanism of precipitation seem to have been estab- 
lished. Pfeil'*?) suggests from his investigations that the pre- 
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cipitation of iron oxide from the crystal lattice of cold-drawn iron 
and low carbon steels due to the lessening solubility in cold-drawn 
material increases the tensile strength. Dean, Day and Gregg") 
conclude that commercial irons owe their property of hardening 
on reheating to 250° C. after cold-work to the precipitation of 
a small amount of iron nitride present. Mehl'**) states that it 
is impossible to say which element, carbon, oxygen, nitrogen or 
sulphur, is the cause of the phenomenon, and Sauveur'**) expresses 
a similar opinion. Walzel'*) noted that as the proportion of 
pig iron was reduced in the charge for making unkilled open- 
hearth steels, and as segregation was increased, the ageing tendency 
was likewise increased. French‘? goes further, and suggests 
that the particle deposition takes place in the slip bands, thereby 
obstructing slip and improving the resistance to fatigue. 

It is difficult to assess the merits and demerits of the respective 
theories and suggestions, as there is considerable evidence to 
support all of them, and probably each one by itself is not sufficient 
to explain the changes which take place in the fatigue properties 
of cold-drawn wires after heat treatment. Most investigators 
seem to have confined their attention to wires which had been 
drawn to approximately 65 per cent. reduction and less, and 
very little is reported for higher percentage reduction-. It would 
seem that the discontinuity which is observed in all the curves 
in this paper for heat-treated wires, is due to some critical dis- 
tortion which is influenced primarily by the carbon content, 
and it is interesting to note that a somewhat parallel effect was 
reported by Adam'!5) in the case of the tensile strength; a 
definite break was noticed in the tensile-strength/percentage- 
reduction curve, and this occurs earlier as the carbon content 
increases. A similar effect was noted by the authors”? for the 
endurance of cold-drawn wires, when in the region of 75 per cent. 
reduction either amaximum or a minimum in the endurance pro- 
perties was obtained. But it is impossible to say whether the dis- 
continuity in the limiting fatigue stress after tempering is due to 
the original internal stress conditions in the as-drawn material, 
either by themselves or because at this distortion precipitation is 
hindered ; possibly the two factors are at work. However, it 
is interesting to examine stcel No. 3 (0-79 per cent. of carbon), 
This gives the widest variations in the series examined. It is a 
Swedish steel, and inspection of Table I. will show that the 
manganese, sulphur, and phosphorus contents are considerably 
less than in the others, although the silicon is higher. Steel No. 2 
(0-55 per cent. of carbon) gave the least variation in the fatigue 
curves. The limiting fatigue stress does not fall below that for 
the as-drawn condition with any of the tempering temperatures 
used. This steel carries the highest contents of manganese, 
sulphur and phosphorus in the series. Hence it would seem that 
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to a certain degree the results obtained can be modified consider- 
ably by the so-called impurities in steel, and this lends support 
to the precipitation theory. Bolsover) has stated that increasing 
phosphorus content has a particularly marked effect upon steels 
which have been reheated after cold working. 

It is felt that the commercial aspect of these results is of 
importance, although, as stated above, they only show the 
tendency rather than the true condition. Before they can be 
applied commercially, a large amount of investigation will have 
to be done, but they indicate that if the maximum fatigue proper- 
ties are required in helical springs and other articles made from 
cold-worked materials, careful attention will have to be paid 
to more factors than is realised at present. Chemical composition, 
amount of cold-working and subsequent heat treatment will all 
require attention, but it is felt that the enhanced qualities of the 
products would make the extra care worth while. 


In conclusion, the authors wish to express their thanks to the 
directors of Bruntons (Musselburgh), Ltd., for permission granted 
and facilities given to carry out this work. The results given in 
this paper are part of a programme for which a grant has been 
received from the Carnegie Research Fund, and the authors 
express their indebtedness to the Council of the Iron and Steel 
Institute for this financial assistance. 
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DISCUSSION. 


Mr. H. Sutton (Farnborough) said that the authors had placed 
on record the results of a very extensive investigation, and the 
data they had provided were of both practical and theoretical 
interest. At first sight the work would seem to be an essential 
asset to those engaged in the production of high-grade cold- 
drawn steel wires, as used for the manufacture of springs of 
high quality and reliability. The fact that such wires, free from 
surface decarburisation, were now manufactured on a commercial 
scale reflected very great credit upon the firms who had taken 
up the work and upon the metallurgists and other technicians 
responsible for the development of the necessary technical 
processes. It was, indeed, gratifying to learn that cold-drawing 
of the normalised carbon steel wires of 0:37 to 0-79 per cent. 
carbon content gave progressive improvement in fatigue properties, 
and that this seemed to obtain with increasing reductions of 
sectional area up to 90 per cent. It would interest him very 
much to know whether reductions of that kind—i.e., up to 90 
per cent. after normalising—represented the range which was 
of commercial importance, whether large reductions were ever 
likely to be wanted or whether the data given were what really 
mattered. 

The data given and the results for the 0-79 per cent. carbon 
steel, for instance, would suggest that tempering for high fatigue 
properties must be conducted with very careful reference to the 
previous drawing operations to which the wire had been subjected, 
particularly when the drawing had not resulted in a very big 
reduction of section. 

With reference to the “ size effect,’ the lower fatigue properties 
of the wire drawn by moderate reductions from rod normalised 
at a diameter of 0-232 in., compared witb those of wires normalised 
at diameters of rather more than 0-080 in. and then drawn down 
to 0-080 in., would seem, as the authors suggested, to be due to the 
different response to heat treatment in the two cases in view of 
the widely differing section. The longer tempering period 
employed in one series, Table X XIII., compared with the series of 
Table XIV., which related to the same steel, was presumably 
employed for some special reason. 

The meaning of the percentage variation in: fatigue ratios 
given at the bottom of p. 161 was not very cleartohim. Personally, 
he found it rather more simple to study the ratios themselves. 
In the case of most of the materials which were giving high 
performance in engineering and transport machinery, the ratios 
of limiting fatigue stress to ultimate stress were fairly high. 
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It was pleasing to note that the authors were considering and 
working on the question of endurance at stresses higher than the 
fatigue limit. That matter was of considerable practical im- 
portance. and was also of theoretical interest. The shape of the 
stress-cycle curves, the S/N curves, was of special interest, and he 
trusted that the authors would bear that in mind when they 
finally presented their work. The endurances for the limits given 
did not seem to be stated in the present paper. He assumed that 
the endurances were the same as in the previous paper, but it 
would be of value to put in the endurance on one or two of the 
diagrams for the benefit of new members. 


Professor F. C. THompson (Manchester) said the paper dealt 
with an aspect of the production of wire which had received far 
less attention than its importance merited. As a result, there 
were one or two experimental points concerning which it would 
be of interest if the authors could give information ; the type of 
fatigue test used, for instance, was not mentioned. Other points 
which were really very important were the order of accuracy of the 
experiments and the reproducibility of the results. If very much 
weight were to be attached to kinks in curves, it was essential 
to know what the order of the experimental error was likely to be. 
It would also be interesting to know whether the authors had any 
evidence of the extent to which ageing took place after the 
tempering. They did not mention a fact which might be of very 
great importance, namely, the time at which the tests were made 
after the various mechanical and heat-treatment operations had 
been carried out. Finally, it would be of interest to all those 
concerned with the testing of cold-drawn wire if the authors 
would give some short description of the methods which they 
found most suitable for the determinations of the limit of 
proportionality and the modulus of elasticity. 

-assing on from such experimental details to the matter of the 
paper, there were several very interesting points which had been 
raised. He was going to assume that ordinary ageing and the changes 
of properties which occurred on low-temperature heat treatment 
were—at any rate in their essentials—the same—an assump- 
tion which seemed to him to be justified, though it might, of course, 
not appear so to everyone. There was a growing body of evidence 
which indicated that the ageing process was not as simple as was 
at one time imagined. If one drew the curves for several ageing 
operations faithfully through the experimental points obtained, 
instead of getting the smooth curve which used to be, and was still, 
for that matter, generally believed to express the results, one 
obtained a curve with a series of small but quite definite periodic 
fluctuations. In wire drawing, fluctuations of a similar character 
had been obtained in work which Mr. Francis and he had published 
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on the influence of the die angle. He had no explanation whatever 
to offer for those fluctuations, but he was moreand more convinced 
as time went on that they had a real existence. It was almost 
inevitable, therefore, that one should ask one’s self whether the 
points which the authors had obtained in their curves might not 
be an indication of a similar type of fluctuation, in this particular 
case of an abnormally high magnitude. It would be of great 
interest if the authors could at some time study a small portion 
of one of those curves round the critical reductions, and, by 
obtaining a sufficient number of points near together, determine 
whether the abnormalities were not really due to a definite 
periodicity superimposed on a generally smooth curve. 

There was no time to enter in detail into the very complex 
question of the explanation of these phenomena, but there was 
one aspect which ought certainly to be borne in mind, and which 
might be overlooked by those conversant only with the drawing 
of steel wire. If one drew any non-ferrous wire which did not 
belong to the alloy class that showed ageing properties, one did 
not in general find any indication of changes of properties on 
ageing. That seemed to put out of court any explanation based 
on an amorphous material, or on the presence of internal stresses. 
Amorphous material, if it were formed, and internal stresses 
should be present in those materials as much as in the steels. One 
was, therefore, left with the precipitation explanation as the only 
one which fitted the facts. The identity of the material which 
was precipitated was not yet established. 

The authors mentioned the question of the modulus of 
elasticity and said that so far as their work was concerned they 
found little or no variation as a result of tempering. That was 
not in agreement with other results. He thought it had generally 
been found that the modulus of elasticity was definitely raised by 
the low-temperature heat treatment of cold-drawn wire, and he 
believed that there was some ground for the belief that one could 
possibly get a higher modulus of elasticity from a cold-worked 
and blued steel than from any other ferrous material. 


CORRESPONDENCE. 


Mr. E. A. ArKtns (Warrington) wrote that the authors were to 
be commended for the very fine piece of research work that they 
had carried out and which should result, ultimately, in the 
production of wire to give the highest and most reliable results. 
It was noted that all the wires tested were ground to remove 
the decarburised layer and surface defects, and it was suggested 
that a further set of tests should be made on wire as commercially 
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produced, as these would show how far ordinary wire differed 
from the perfect product as used by the authors. The results 
should show users how far they could depend upon the quality of 
wires produced by the ordinary method of manufacture. 


Dr. T. SwinDEN (Member of Council, Sheffield) wrote that the 
practice of reheating: springs made from hard-drawn wire to 
approximately 200° C. was very old indeed, but it was only during 
the war when other problems directed attention to the changes in 
properties involved by this treatment that the matter received 
serious attention by way of organised investigation. 

The work from Woolwich Arsenal by Greaves and Rees dealt 
with the matter in a comprehensive way with particular reference 
to gun-wrapping wire, and the same problem had since received 
extensive attention in connection with steel strip. These points 
were noted because of the general adoption of a temperature of 
the order of 200° C. as being the optimum temperature for treating 
high-carbon hard-drawn material. 

The authors were 'to be congratulated on having worked out, 
in an admirable way, reliable data linking up low-temperature 
heat treatment with -the percentage reduction in wire-drawing, 
and were to be complimented on a first-class piece of work. 

It was noted that the tests were carried out on commercially 
drawn wire which, however, had been subjected during manu- 
facture to the special treatment of having any decarburised 
surface removed, as specified for certain types of springs. 

It was of importance to note that, if the anticipated still 
further improved results obtainable by polishing were achieved, 
the fatigue values would be of a very satisfactory order. 

From the point of view of springs, no doubt those data were 
directly applicable to service, and that, one gathered, was the 
immediate objective of that piece of work. 

It was of some importance, however, to remember that in other 
applications of hard-drawn wire, surface perfection was not 
possible, and, moreover, that during service, imperfections were 
developed in the wire. He had in mind particularly the develop- 
ment of small surface cracks arising in the martensitic layer often 
found in worn ropes, for example. 

It would be of particular interest to know how the relationship 
between reduction in drawing and low-temperature treatment 
would work out, as interpreted by fatigue tests in the presence of 
surface imperfections of known dimensions. In brief, what was 
the order of notch sensitivity of wires produced from steels of a 
varying carbon content under the best conditions suggested by 
the authors ? 
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Mr. A. B. WintTERBoTToM (Trondheim, Norway) wrote that 
fibre structure change during heat treatment might be a factor 
worth considering along with those enumerated, and X-ray ex- 
amination for this purpose might at the same time give information 
concerning surface stress. If the hoped-for 24 per cent. improve 
ment on polishing was not substantially realised surface com- 
pressive stress effect might be indicated. It would be interesting 
to know whether the torsion and fatigue fractures exhibited any 
special features, i.c., whether they were flat or helicoidal. 


Professor F. C. Lea (Sheffield) wrote that the paper was of 
interest to him, as for some years he had been carrying out tests, 
in the time he was able to spare from the many other activities 
of a limited university laboratory, on the effect of cold work 
on the physical properties of metals. A summary of some tests 
which he and his co-workers carried out during the War, on the 
effect of varying tempering temperatures on cold-drawn tubes, 
was published by Professor C. F. Jenkins in ‘“ Materials for 
Aircraft.” A paper dealing with the effect of tempering tempera- 
tures on the fatigue range of cold-drawn tubes was published 
in Engineering, 1927, vol. 124, Dec. 23, p. 797. That paper 
showed very clearly that the compressive strength of these 
tubes was raised by tempering at temperatures from 200° to 
400° C., the temperature at which the maximum was reached 
depending to a certain extent upon the carbon content of the 
tubes. The experiments also showed that the limit of pro- 
portionality became a maximum when the tempering tempera- 
ture was somewhere between 360° and 450° C. The effect of 
the tempering temperature on the fatigue range was quite 
marked, the maximum value being obtained at temperatures 
of the order of 360° C. In these tests the outer surface of the 
tube was ground away. A considerable amount of work had 
also been carried out on the effect of low temperature tempering 
on cold-drawn wires. Tests on certain wires, the results of which 
were published in a paper in the Proceedings of the Institution 
of Mechanical Engineers, 1928, vol. 2, p. 865, showed that the 
fatigue range could be raised 100 per cent. by heat treatment 
at 400° C. In other cases it was found that the fatigue range 
was only changed by a comparatively small amount. In some 
recent tests on a wire drawn to the D.T.D.5A. specification 
the following particulars were obtained :— 


Analysis of Steel. 


Carbon. Manganese. Silicon. Sulphur. Phosphorus. 
% % % % % 
0-69 0-13 0-035 0-034 
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Details of Drawing. 

The initial rod size was #in. in diam. This was ground 
to 0-370 in. in diam., then drawn to 0-160 in. diam. without 
further heat treatment. 


Tensile Tests. 


Ultimate Reduction 
Reference Description. Strength. of 
No. Tons per sq. in. Area. 
es As drawn . ; ; ‘ P 110-0 47-7 
i Asspun. : , = : 109-1 56°7 
II. Heated to 250° C. ‘ F = 114-7 52-7 
ITI. Heated to 350° C. ‘ é ‘ 114-4 33-8 
IV. Heated to 450° C. ‘ ‘ ‘ 99-7 33-8 


Tests on D.T.D.5A. Wire after “ Blueing.” 
The specimens were tested in the alternating torsion machine 
with type metal ends cast on. The results are shown in Table A. 


TaBLE A.—Repeated Stress Tests. 





























Range oi Shear 
Nature of Test | Stress. | Repetitions of Stress. 

| Tons per sq.in. | 
(1) Tests on wire as spun, | + 21-1 Broke after 2,700,090 | 
with no heat treatment. | + 20-6 e Pr 4,800,000 | 
| + 20-2 > a 6,160,000 | 
| + 19-8 Unbroken after 12,000,000 | 
+ 18°5 ‘ » 10,000,000 | 
(2) Tests on wire after heat- | + 21°3 | Broke after 1,552,000 
ing to 250° C. + 20:6 ss - 6,240,000 | 
+ 20°3 mr ‘ 12,500,000 | 
(3) Tests on wire after heat- | + 21-9 Broke after 7,900,000 
ing to 350° C. | + 21-2 mn ”» 9,500,000 | 
| (4) Tests on wire after heat- | + 21-6 | Broke after 4,218,000 | 
| + 20-0 Unbroken after 10,000,000 | 


ing to 450° C. 





It would be seen from the table that the effect of heat treat- 
ment at various stresses up to 450° C. had very little effect upon 
the safe range of repeated stress. Figs. A and B showed the 
distribution of hardness in these wires. After final drawing 
the wire was spun to ensure straight lengths and then 
‘blued’? at the temperatures shown in the table. <A great 
deal of work had yet to be done before it could finally be said 
what wires would have their fatigue ranges improved by blueing. 
The degree of improvement depended upon a number of circum- 
stances and conditions. It was well-known that heating cold- 
drawn materials in the neighbourhood of 200° to 300° C, tended 
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to increase the brittleness of these materials, and for that reason 
the writer had generally thought it desirable to use tempering 
temperatures of the order of 400° C. It was, however, of con- 
siderable importance that that point should be further in- 
vestigated, particularly in relationship to wires of various com- 
positions and subjected to various degrees of cold work. It 
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Fic. A.—Tests on D.T.D. 5A. Wire after “‘ Blueing.” The distribution of 
hardness in the wire with no heat treatment and after heating to 250° C. 
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Fie. B.—Tests on D.T.D. 5A. Wire after “ Blueing.’’ The distribution of 
hardness in the wire after heating to 350° C. and 450°C. 


would also be of interest if the effect of gas inclusions on the 
properties of the cold-drawn steel, especially with reference to 
fatigue ranges and heat-treatments, could be _ investigated. 
If they were of importance it would appear that although tending 
to increase the tensile strength they might introduce the possi- 
bility of intercrystalline, or crystal boundary, concentrations 
of stress which led to a lowering of the fatigue range. From 
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the results of the effect of occluded hydrogen! on the safe range 
of repeated stresses on low-carbon steels it seemed doubtful 
whether occluded gases were important; but it might be that 
they were important in cold-worked materials. The degree of 
crystal distortion and fracture at crystal boundaries produced by 
drawing might also be important. It would be of interest to investi- 
gate the effect of heat treatments under low-vacuum conditions. 





AUTHORS’ REPLY. 


Dr. Goopacrg, in reply, said that Mr. Sutton asked whether 
the percentage reductions up to 90 per cent. came within the 
limits of practice. Actually, an old wire-drawer would always 
say that 75 per cent. reduction was the limit, though on occasion, 
it was possible to draw beyond this point. He wished to 
emphasise, however, that wire of ordinary grade was not at all 
the same as that with which the present paper was concerned, 
and that it was now known that if surface decarburisation was 
removed, the properties, compared with decarburised material, 
were enhanced. 

The difference in the time of tempering to which Mr. Sutton 
referred was, unfortunately, accidental. The period intended 
was to have been 20 min. as for the smaller wires, but the material 
was left in the furnace for the longer period. He did not think 
that this would make much difference to the results, but this was 
only an opinion expressed without any evidence to support it. 

On the question of the percentage variation of the ratio of 
the limiting fatigue stress to the tensile stress, this was given 
for each steel covering the whole series of percentage reductions 
and tempering temperatures. The variation was based upon 
the minimum ratio, and these figures were mentioned to show 
that it was impossible to forecast the fatigue limit from the 
ultimate strength value in the case of wire. 

With regard to Professor Thompson’s remarks, the absence 
of any reference to the fatigue test used was an unfortunate 
omission. For this investigation the new Haigh-Robertson 
fatigue testing machine was used, an alternate bending machine 
which had been developed for wire.2- With regard to the order 
of accuracy and reproducibility of the results, the authors had 
tried this out time and time again, and they had found that the 
accuracy—or, rather, the reproducibility—was within + 0-5 tons 
per sq. in. when estimating the limiting fatigue strength. Seeing 

1¥. C. Lea, “‘ The Penetration of Hydrogen into Metal Cathodes and its effect 
upon the Tensile Properties of Metals and their Resistance to Repeated Stress.” 
Proceedings of the Royal Society, 1929, A., vol. 123, pp. 171-185. 

* This is now mentioned in the text. 
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that it was possible to be accurate within this limit, 
he did not think that experimental variation would affect their 
inferences from the curves in any way. 

He confessed that the authors had not considered the possi- 
bilities of ageing after tempering, nor the lapse of time after 
heat treatment before the tests were made. The usual procedure 
in the preparation of the material was as follows: All the wires 
of one steel were tempered on the same afternoon at the tempera- 
tures indicated in the paper. They were then laid on one side, 
and the various tests were carried out over a period of approxi- 
mately one month, starting with those tempered at 150° C. All 
the curves seemed to be of a similar shape, as would be seen 
from the diagrams, and, therefore, he did not see how ageing 
could affect the results to any marked degree. 

The methods adopted for finding the modulus of elasticity 
were somewhat crude, an ordinary wire extensometer being 
used, but the authors were more interested in the modulus of 
elasticity for the materials. Had the variation been large, they 
would have had to modify the stress calculations, but actually, 
so far as could be seen from the elastic curves—and they were 
carefully drawn several times—the modulus of elasticity varied 
so little as to be negligible for purposes of calculation. 

The suggestion that a study of the fatigue curves should be 
made near to one of the critical points was interesting—in fact, 
the authors had it already under consideration. It would 
certainly help to “clinch” the point, and perhaps might give 
some indication of the reason for the phenomena which had been 
observed. 

In further reply, the AUTHORS wished to thank all those who 
had contributed to the discussion of the paper for the interesting 
points raised and suggestions offered. 

Some of Mr. Sutton’s points had already been answered, but 
with regard to the omission of S/N curves and figures, as in a 
reply made previously to a similar question, the authors felt that 
to include this mass of data would use up far too much valuable 
space in the Journal. However, these figures were available for 
anyone who might be interested. 

Professor Thompson asked questions as to the accuracy and 
reproducibility of the results, and in the verbal reply it was 
stated that the limits lay within + 0-5 tons per sq. in. To give 
written confirmation of this, three further sets of fatigue tests 
had been made since the discussion of the paper, 6n the following 
wire specimens : 


Carbon. % Reduction. % Tempered at— 
(1) 0-55 80 200° C. 
(2) 0-79 80 200° C. 


(3) 0-79 85 200° C. 
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The following fatigue limits were obtained, and were contrasted 
with the originals given in the paper : 


Limiting Fatigue Stress. 


Recent Determination. Original Determination. 
(1) + 34-1 tons per sq. in. + 34-0 tons per sq. in. 
(2) + 29-7 ” » + 29-5 9 ” 
(3) +398 , ,, +400 4, 45 


These figures should be self-explanatory. At the same time, 
they seemed to indicate that ageing effects were non-existent, 
although it must be stated that tests (2) and (3) were made about 
eight months, and test (1) about five months after the originals, 
and that it was usually accepted that the greatest changes due 
to ageing took place within the first few days after treatment. 

In reply to Mr. Atkins, the authors wished to point out that 
the decarburisation was removed from the patented rods before 
drawing into wire, and not from the wire after drawing; the 
wires were tested in the as-drawn condition. The authors were 
at the present time carrying out parallel tests on ordinary com- 
mercial—i.e., decarburised—materials, and it was hoped that 
the results of these investigations would be published later. 

The authors agreed with Dr. Swinden that at present the 
data obtained were only directly applicable to springs, and that 
for other purposes many other factors could influence the life 
and behaviour of a wire in service. His suggestion of investigation 
of the effect of surface imperfections or notch sensitivity upon 
tempered wires of varying carbon content and percentage reduc- 
tion was very interesting, although the authors were of the 
opinion that it would be a somewhat difficult problem to obtain 
reliable data. Two lines of attack seemed to be possible :— 





(1) Polished wire, i.e., all surface marks removed, compared with the same 
material carrying artificially made scratches or grooves of known and 
controlled dimensions, and 

(2) Wire in the as-drawn condition compared with the same wire when 
polished. 


Both methods were open to some objection. Artificially made 
grooves and scratches did not always modify the imposed stresses 
in the same way or to the same degree as ordinary die marks, 
and it was almost impossible to compute the size and shape of 
the normally occurring surface imperfections. However, the 
second suggested method would give comparison with the worst 
possible conditions. 

Some results which the authors had already published! gave 
an indication of the effect of surface imperfections on wire which 
had not been tempered. The fatigue limit of a decarburised 

1Journal of the Iron and Steel Institute, 1934, No. II. p. 293. 
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wire of 0-79 per cent. carbon content drawn to 75 per cent. 
reduction, could be increased by 25 per cent. when all the surface 
imperfections were removed by polishing. A similar wire drawn 
from decarburised rod for 72-5 per cent. reduction gave an increase 
on polishing of approximately 24 per cent. In view of this 
question, the authors had carried out some tests on the 0-86 per 
cent. carbon material drawn to 78 per cent. reduction and 
tempered at 200° C., which gave the highest observed fatigue 
limit, + 45-0 tons per sq. in., in the series described in the 
present paper. After polishing, the following fatigue results 
were obtained, but, unfortunately, there was not. sufficient 
material at hand to complete the fatigue curve : 


Range of Stress. Range of Stress. 

Tons per sq. in. Stress Cycles. Tons per sq. in. Stress Cycles. 
+ 58-8 122,000 + 53-0 12,370,000 unbroken 
+ 57°6 108,000 + 50-0 10,245,000 ” 
+ 56:0 293,000 + 48-0 8,362,000 ” 


It would be seen that the fatigue limit lay somewhere between 
+ 53-0 and + 56-0 tons per sq. in., and probably was about 
+ 54-5 tons per sq. in. That represented an increase of about 
21 per cent. due to polishing. Hence it would seem that the 
effect of surface imperfections were not quite independent of 
the treatment which had been given. That inference, of course, 
was based on only three results, and, no doubt, further investiga- 
tion would bring other interesting points to light. 

Referring to Mr. Winterbottom’s remarks, it was generally 
accepted that no visible changes could be observed in the micro- 
structure of cold-drawn wires after low-temperature tempering, 
but that did not preclude atomic changes in the unit crystals 
or fibres. Correlation of the results of X-ray examination with 
fatigue results would probably yield valuable information, but, 
unfortunately, the authors had no X-ray apparatus at their 
disposal. In view of his suggestions, it was interesting to note 
that the hoped-for 24 per cent. improvement on polishing had 
not been quite attained, being computed at about 21 per cent. (see 
reply to Dr. Swinden), so probably there was some other factor 
which must be considered, as he suggested. 

With regard to his questions about the types of fracture 
obtained, in all cases the fatigue fractures were flat or the initial 
crack was flat. In some cases, especially with the wires of higher 
carbon content, higher percentage reductions and higher tempera- 
tures of tempering, after the fatigue crack had started the material 
tore, giving the appearance of a helicoidal fracture. The torsion 
fractures were variable, but, generally speaking, the helicoidal 
fractures were obtained with the material which had received 
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the higher percentage reductions and which had been tempered 
at the higher temperatures. As the carbon content was increased 
helicoidal fractures became more general, and with the highest 
carbon content they occurred under practically all conditions of 
treatment. 

In reply to Professor Lea, the authors said that they quite 
agreed that a great deal more work would have to be done before 
the problems connected with the low-temperature heat treatment 
of drawn wires could be clarified ; for example, the results which 
the authors had given in the present paper did not touch on the 
question of the effect of time of tempering, which might affect 
the results considerably. The authors had already hinted that 
there was some “ size” effect, that is, the wires of larger diameter 
seemed to behave differently, in degree, from the wires of smaller 
diameter. However, they could not agree with Professor Lea 
that it was desirable to use temperatures of the order of 400° C. 
for the general tempering of cold-drawn steels. Specifications 
relevant to the question gave the upper temperature limit as 
being 350° C. or 375° C., and for general purposes 200° C. to 250° C. 
was to be preferred. That, of course, did not preclude seemingly 
extraordinary results being obtained at higher temperatures, 
such as the 100 per cent. increase in the fatigue properties of a 
cold-drawn wire by tempering at 400° (. Cold-drawn wire was 
peculiar material, and the unexpected often cccurred. Un- 
fortunately, it was usually impossible to account for such results, 
and often very difficult to repeat them. If this could be done 
the findings would probably lead to very important improvements. 

The torsional fatigue results which Professor Lea had given 
for a sample of D.T.D.5A. wire were very interesting, and they 
seemed to fit in very well with the general results which the 
authors had given in the paper. From the figures given it would 
seem that the wire had been drawn to 81 to 82 per cent. reduction. 
Inspection of Figs. 3 and 5 in the paper (which were for material 
of similar carbon content) showed that at about that percentage 
reduction the fatigue curves for the material after tempering 
crossed those for the material in the as-drawn condition, so that 
at that point little or no change might be expected in the fatigue 
limit after heat treatment. That seemed to be confirmed by 
Professor Lea’s results, although the types of stress used were 
different. 
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INVESTIGATION OF THE BEHAVIOUR OF 
METALS UNDER DEFORMATION AT HIGH 
TEMPERATURES. 


PART I.—STRUCTURAL CHANGES IN MILD STEEL AND 
COMMERCIAL IRONS DURING CREEP.* 


By C. H. M. JENKINS, D.Sc., anp G. A. MELLOR, M.Sc. 
(NaTionaL PuystcaL LABORATORY.) 


SUMMARY. 


The present work contains the results of a study of the effects of 
deformation at high temperatures of several varieties of iron and mild 
steel and shows marked differences in behaviour which are probably 
related to the mode of manufacture. 

The study has been made by microscopical examination of material 
subjected to creep and short-time tensile tests at high temperatures, the 
test-pieces being kept free from attack by air by stressing in vacuo in 
special testing units. 

The nature of the creep movement has been studied in relation to 
the structural changes observed both on the surface of a polished test 
piece and on internal sections. The investigation shows that slip, grain 
boundary movement, and recrystallisation are prominent features in 
the mode of deformation at high temperatures. Spheroidisation is also 
of importance in mild steels below the critical range. Intercrystalline 
cracking is encountered principally in tests of Armco ingot iron. 

Recrystallisation in creep tests proceeds by a continuous action 
accompanying the deformation and is most prominent in places of 
maximum deformation. 





SECTION 1.—INTRODUCTION. 


THE investigation described in the present paper has been 
undertaken in the Metallurgy Department of the National Physical 
Laboratory as a portion of the programme of the Committee 
on the Behaviour of Materials at High Temperatures. This 
work has been carried out under the supervision of the Metallurgy 
Research Board of the Department of Scientific and Industrial 
Research. The authors are greatly indebted to these bodies 
for permission to publish the results of this research. The 
object of this work is to correlate the structure and constitution 
of alloys with their behaviour at high temperatures. 


* Communication from the National Physical Laboratory, received July 22, 
19365. 
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The present paper describes the results of an investigation 
into the behaviour of mild steels and commercial irons under 
the prolonged application of stress at high temperatures. The 
changes which accompany deformation have been studied by 
subsequent microscopical examination and are of two types: 
The first, which proceeds in a material as a result of prolonged 
exposure to elevated temperatures without deformation, and 
the second, which is set up by the plastic flow of the material. 

The tests described in the present paper have been made 
in vacuo in order to eliminate the oxidising effect of the atmosphere. 
Even at high temperatures this treatment has not brought about 
etch-pitting or any appreciable loss of metal from the surface 
of the test-piece. Thus, after periods of testing lasting for as 
long as several months the surfaces of highly polished test 
specimens have been adequately preserved. 

Although the primary object of this paper has been the 
study of the mode of deformation of certain forms of iron and 
steel at high temperatures, a systematic survey of the strength 
of these materials over a considerable range of temperature 
has also been made (300°-950° C.). In addition to creep tests, 
a series of short-time tensile test specimens have been pulled 
in an Amsler testing machine adapted for carrying out tests 
in vacuo. The rate of extension of a few of the creep test 
specimens has not been appreciably less than that of the short- 
time tensile tests. As far as can be seen the manner of pulling 
has not resulted in any appreciable difference in the structural 
behaviour apart from the effects directly ascribable to the duration 
of testing and the degree of deformation. 

Many of the phenomena observed in connection with iron 
and steel are, of course, similar to those observable in other 
metals and alloys subjected to stresses sufficient to cause flow 
at appropriately chosen temperatures, but the change in the 
lattice structure of iron at a temperature slightly higher than 
900° C.—the A, point—has a marked effect on the resistance of 
iron and its alloys to creep. This paper does not deal with the 
deformation of cold worked material, nor does it deal with the 
effect of creep on hardened and tempered mild steel. 


SrcTIon 2.—EXPERIMENTAL MATERIALS AND METHODS. 


Materials.—The present investigation has been made on the 
following materials: Two mild steels marked NGK and M, two 
Swedish (Lancashire) irons marked S and L, two Armco ingot 
irons marked A and H and a sample of carbonyl iron marked C. 
I'he materials were in the form of hot-rolled or normalised round 
bars, with the exception of ingot iron H and carbonyl iron C, 
which were rolled plates. The chemical compositions of these 
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materials are given in Table I. and the results of Brinell hardness 
and short-time tensile tests at room temperature are recorded 


in Table IT. 


TaBLE [.—Analyses of Materials. 





Swedish Iron 


Armco Ingot 


Carbonyl 
























































Mild Steel. (Lancashire). Iron. Iron. | 
Element. | 
NGK. | M. S L. ate Cc | 
Basic Acid | } 
O.-H. O.-H | | 
Process. Process. | 
Chemical Composition. 
Carbon. % 0-24 0:17 | 0-017 | 0-034 | 0-016 | 0-022 0-015 
Silicon. % 0-05 0-13 | 0-05 | 0-024 | 0-006 | 0-002 | <0-002 
Sulphur. % : 0-032 0-018 | 0-003 | 0-003 | 0-017 | 0-035 <0-0005 
Phosphorus. °% . 0-016 0-025 | 0°036 | 0:056 | 0-003 | 0-004 | <0-0008 
Manganese. % . 0°63 0-685 0:005 | Trace | 0-030 | 0-035 | <0-005 
Nickel. % Trace 0-061 Nil 0-004 | 0°03 0-048 0-011 
Chromium. °% Nil Nil Nil 0-004 Nil Trace Nil 
Copper. % ; 0-09 0-044 Nil 0°005 | 0-07 0-084 | <0-002 
Aluminium. % . Trace Trace Trace | Trace | Trace | Trace Nil 
pg BA =) 0-022 0-0049 | 0°37 | 0-21 | 0-20 | 0-23 0-0020 
bon reduction). 0-022 0-0052 0-18 0.43 0°15 0-15 0-0018 
o j i. re as 0-49 oe oe 4 ee 
Nitrogen. % 0-008 0-010 0-006 | 0-004 0-003 | 0-006 0-003 
Spectrographic Analysis. 
| Copper x x x x | x x xxx] XxX*& x 
Nickel x x x x ie - x x tx x 
| Carbon xs mx x x aes x x x x x x 
| Chromium x | x face - x x - 
| Manganese . : ie KP x x a “ x 
| Vanadium . - | ~ ie - ~ 
| Calcium ae. j | x : J IT MeN 
Cadmium Doubtful | 
Aluminium -* x } > x , x x x x 
Magnesium x | X | x x x x x x x x 
Phosphorus | ~ fa } - x - - 
Silicon i RH x x | - x 
Sodium | xx x x x aaah lei se x 
| Barium : i. | x aan } 
Molybdenum | Doubtful | | 
| Titanium | Doubtful | | } 
- Indicates element probably absent 
x mt very faint trace. 
x x ae faint trace. 
ee * heavier trace. 
> es : >0-6 per cent. of manganese present (by comparison with chemical 


analysis). 


The mild steel marked M in the present series is identica) 
with a 0-17 per cent. carbon steel, the properties of which were 
previously described in Engineering Research Board Special Report 
In that report the 
results of tensile, torsion and notched bar tests are given for the 
temperature range 15°-700°C., of creep tests for the range 
250°-500° C., and of fatigue tests for the range 15°-600° C. 


No. 1, published by H.M. Stationery Office. 
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No appreciable degree of segregation of the sulphur and 
phosphorus contents was revealed by the macroscopic examina- 
tion of longitudinal and transverse sections of round bars or of 
transverse sections through the plate material. (See Figs. 17 to 
27, Plates XIX.and XX.). Ingot iron H is, however, an exception, 
showing a marked segregation in the centre of the plate. (See 
Fig. 25.) The position of the segregate is such that test-pieces 


TaBLeE II.— Mechanical Properties of Materials at Room 





























Temperature. 
| 
A 7 Ulti- 
Brinell Yield . . Reduc- | 
‘ne At Hardness Point. mate Elonga- tion of 
Material. | Letter. | Condition. Number. | Tons per eee tion. 7; Area. 
L/D* = 10. sq. in. sq. in. 3 % 
| 
Normalised 
from 950° C. 18-0 25:4 50 67 
NGK | at N.P.L. 107 
in. round 18-6 26°4 51 68 
Mild ar. 
steel. 
Normalised 
by makers. 110 28-7 53 68 
M : in. round 127* 16°8* 28-5* 43* 68* 
yar. 
As received. 4-8 19-7 59 7§ 
S 1 in. round 79 17°8 20°7 1 83 
Swedish bar. 
iron. 
As received. 17°3 20-4 53 77 
L i in. round 75 16°1 20-4 55 80 
var. 
As received. 14°6 20:2 53 76 | 
A 1 in. round 83 16°1 19°9 63 2 | 
Armco bar. | 
ingot | 
iron. 10-2 (a) 18°6 46 69 
As received. 16-9 (a) 18-9 56 78 
H § in. plate. 95 13-5 (6) 21-2 48 71 
16-4 (db) 22°5 40 74 
Carbonyl Cc As received. 80 16°4 17-2 19t 96 
iron. trin. plate. 12-1 17°1 22 96 | 





























* Properties recorded by H. J. Tapsell and W. J. Clenshaw in Engineering Research Board. 
1927, Special Report No. 1. 

(a) In the direction of final rolling. 

(b) At right angles to direction of final rolling. 

+ Specimens 0-358 in. diam. 1 in. gauge length. 

t Specimens 0-200 in. diam. 1 in. gauge length. Both specimens showed a very 
marked yield point and broke outside the gauge length. 


prepared from this iron consist wholly of this segregated portion, 
whereas ingot iron A is not appreciably segregated. The 
sample of rolled carbonyl iron shows remarkable uniformity, as 
would be expected from the chemical analysis and from the 
mode of manufacture, which consisted of sintering and rolling. 
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The microstructures of the materials before testing are 
reproduced in Figs. 18, 19, 21, 22, 24, 26, and 28. The structures 
of both M and NGK are typical of steels of these compositions, 
although the pearlite in mild steel M is somewhat banded. The 
two Swedish irons contain a normal proportion of non-metallic 
material, and a quantity of finely divided non-metallic inclusions 
is present in both samples of Armco ingot iron. The grain size 
of the two Swedish irons is appreciably larger than that of the 
other materials. 

Preparation and Examination of Test Specimens.—The test 
specimens, which are more fully described in a section on the 
creep testing apparatus, were polished, after preliminary fine 
machining, on the whole length of their parallel portion. Before 
testing, all specimens were etched in a 4 per cent. solution of 
nitric acid in alcohol, and their microstructures compared with 
the normal microstructure of the material. After testing the 
elongation was measured by the extension of a marked length 
on the parallel portion of the test-piece. In the form of testing 
apparatus adopted it has not been possible to record continuously 
the extension of the specimen on a measured gauge length, but 
observations on the screwed head above the upper tension bar 
have given an indication of the degree and rate of deformation 
of the test-piece as a whole. On removal from the creep testing 
apparatus, the surface of the specimen was neither re-polished 
nor re-etched for microscopical examination, and the changes 
observed were the results of alterations of level on the surface of 
the specimens superimposed on the microstructure revealed by 
the original etching solution. During the examination of the 
surface of the test specimen special notice was taken of the degree 
of slip and the condition of the grain boundaries after deformation, 
and a careful study of the nature of the fracture was made. The 
fracture was preserved by a thick electro-deposit of iron applied 
to the test specimen before sectioning longitudinally for micro- 
scopical examination. 

Reference to previous researches on the crystalline state of 
metals shows that rupture may be either definitely intercrystalline 
or definitely transcrystalline, but the evidence now put forward 
does not justify any hard and fast classification, except, perhaps, 
in the case of Armco ingot iron. In addition to a detailed study 
of the fracture and the surface of the specimen, the condition of 
the metal in the interior of the test-piece was examined. 

The majority of the test specimens have been strained until 
rupture occurred. The degrce of distortion and recrystallisation 
of the grains, the course of the cracks in relation to the grain 
boundaries, the presence of cavities and the spheroidisation of 
the pearlite, where the last named was present, have all received 
consideration. In all cases the major dimension of the photo- 
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graphs corresponds to the direction of application of the load (the 
major dimension is across the page on Plates XIX to XX XVIII). 

The appearance of the polished surface of a broken specimen 
is not always similar to that observed on longitudinal sections 
cut axially through the test-piece. For example, the surface 
may show the presence of slip planes, a widening of the grain 
boundaries and a general crumpling and corrugation of the 
surface, but the examination of the interior structure does not 
necessarily show appreciable change. The surface differences, 
which are more fully discussed later in the paper, are produced by 
localised stress set up in partly unsupported crystal grains. 

The Creep Test Apparatus.—The apparatus consists of three 
testing units mounted in a steel frame. Each specimen is loaded 
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Fic, 1.—Diagram of Creep Testing Unit in Frame, 
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by means of a lever arm having a ratio of either 10:1 or 5: 1. 
The arrangements for stressing the specimen are shown in Fig. 1 
and are similar to those employed by the late Mr. J. H. S. 
Dickenson“ in his researches on the creep of metals. 

The test specimens, which are of various diameters between 
0-20 in. and 0-564 in. according to the size of the original material 
or to the stress to be applied, are screwed into suitable adaptors 
to fit the tension bars. The shackles projecting into the furnace 
are made of a heat-resistant alloy, and these screw into two 
water-cooled mild steel tubes of heavy gauge, as shown in Fig. 2. 

On account of the thinness of the plate of carbonyl iron the 
minimum load which can be applied to a specimen by this arrange- 
ment is too great for tests at the highest temperatures. By the 
introduction of a counterbalancing system of weights, the load 
on the test-piece can be reduced to as little as a few pounds 
without appreciably diminishing the accuracy of loading. 

To allow for the extension of the test-piece, an automatic 
arrangement rais¢s the upper tension bar so that the lever is 
maintained in a horizontal position, and thus continuous operation 
of the testing units is possible without manual attention. This 
reduction in movement of the lever makes it possible for the 
clearance between the lever and the stops, mounted on the frame, 
to be reduced to a minimum. On completion of a test by rupture 
of a specimen the fall of the lower tension bar and lever is not 
sufficient to cause breakage of the silica tubes. In dropping, the 
lower tension bar operates a contact which switches off the furnace 
current. The moment of failure is indicated by the fall in the 
temperature which immediately occurs, and is recorded by a 
Cambridge thread recorder. 

The three units are individually evacuated by means of two- 
stage mercury vapour pumps backed by a large rotary pump. 
The pressure has not normally been in excess of 0-0001- 
0-0002 mm. of mercury. 

The specimen for test is surrounded by a silica tube which 
is supported at the top of the unit by a vacuum-tight waxed 
joint. The lower end of this tube dips into mercury and forms 
another vacuum seal which gives freedom of movement. The 
general arrangement is shown in Fig. 2, and this diagram indicates 
that the tube and the lower tension bar are of such lengths that 
on evacuation there is sufficient height for the mercury to form 
a barometer column. Allowance is made for the change in the 
effective load on the specimen resulting from. the pressure 
difference between the evacuated space and the atmosphere. 

The test specimen is heated by a concentric tube furnace, 
controlled at a constant temperature by means of a thermostat, 
and after the specimen has attained the testing temperature the 
load is applied. The hot junction of the thermocouple used 
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to measure the temperature is shielded from radiation by a strip 
of nickel sheet, and the thermocouple wires are threaded through 
the central pipe within the lower tension bar. The temperatures 
recorded on the specimens were checked by readings taken by 
thermocouples inserted in holes drilled in the parallel portion 
and threaded ends of a specially arranged test-piece inserted in 
the creep unit. 


Vacuum Unit for Amsler Testing Machine.—The design of 
the unit for carrying out short-time tensile tests in vacuo is shown 
in Fig. 3 and is arranged for assembly between the jaws of an 
Amsler testing machine of 30 tons capacity. The lower vacuum- 
tight joint to the unit consists, in this case, of a flexible copper 
tube, and not of a barometer column as employed in the creep 
testing unit. Corrugated copper tubing about 2 in. in diam. is 
used to form this joint and before commencement of a test the 
tubing is fully compressed so that sufficient length is obtainable 
for subsequent extension under load. The load required to extend 
the tubing is small and corresponds in magnitude to other possible 
errors, but the effect of evacuation is appreciable as it causes a 
reduction in the effective tensile load of about 60 lb., for which 
due allowance is made. 


General.—In the following sections a description is given of 
the general behaviour of mild steel and the various forms of iron 
under deformation. At the conclusion of the paper the changes 
in the propertics of the matcrials and the microstructure are 
discussed in relation to their importance and the mode of deforma- 
tion. It is of g-ncral interest at this stage to note the following 
values of the load which after continuous application for 10 days 
at 450° C. will break specimens of these materials. 


Mild steel M ; . 16-17 tons per sq. in. 
ie NGK . . 13-14 Pe a 
Swedish iron Ss ; . 6-7 ‘a : 
Armco iron A 6-7 ” ” 
Carbony] iron Cc : . 6 9 ” 


It should be noted from the above results that an almost 
carbonless iron is inferior in creep resistance to stcel containing 
a small proportion of carbon, and although part of the strengthen- 
ing is probably due to carbon, the steel contains other hardening 
elements. It is likely, as observed from other work in hand, 
that steels of higher carbon content are not superior in creep 
resistance to the mild steel mentioned above. This fact is of 
importance, for at room temperature an increase of the carbon 
content results in increased strength. 

The data given above show that steel NGK is weaker than steel 
M, although it contains 0-24 per cent. of carbon compared with 
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0-17 per cent. for the latter material, but the analyses show 
that the silicon and nickel contents are higher in the stronger 
material. 

The mode of deformation of M and NGK is found to be very 
similar, and a similarity also exists between the two samples of 
Armco ingot iron and between the two Swedish irons and carbonyl 
iron. 


Section 3.—THE BEHAVIOUR OF Miup STEEL. 


The behaviour of mild steel and other metals under plastic 
deformation at high temperatures has been studied by Rosenhain 
and Humfrey®) and by Rosenhain and Ewen.) These authors 
suggest that failure at high temperatures occurs by intercrystalline 
cracking produced by the diminished strength of the highly 
disorientated grain boundary material. 

Previous experimental work‘) shows that in mild steel there 
is an increase in tensile strength to a maximum value at approxi- 
mately 250° C. Below this temperature the value of a load which 
results in very small rates of strain approximates to that deter- 
mined in an ordinary short-time tensile test. In such a test 
there is insufficient time for appreciable amounts of con- 
temporaneous ageing to be imparted to the specimen. An 
ageing effect of this type would increase the hardness of the 
material beyond that produced by the action of ‘cold work ” 
from straining which is always developed during the course of any 
ordinary cold tensile test. 

Above this temperature the application of a load that is 
smaller, and at high temperatures very considerably so, than that 
required to bring about rupture of a short-time tensile specimen 
may ultimately bring about failure on more prolonged loading. 

Mild Steel NGK.—The principal properties of this material 
as shown by tensile and hardness tests are recorded in Tables 
I., II. and III., and data from these tables are given in the form 
of curves in Figs. 4, 5 and 6. Fig. 4 shows the relationship 
between temperature and load, and against. every plotted point 
the life in days of the particular specimen is indicated. The 
fully lined curve indicates the strength of the material as disclosed 
by short-time tensile tests, and the broken line indicates the 
load-temperature relationship which will bring about rupture 
after the application of stress for 10 days at a particular tempera- 
ture. This period of time has been selected so that the materials 
can be compared conveniently without an undue number of 
tests exceeding 20 days. Figs. 5 and 6 show for constant 
temperatures the relation between the load and the expe >ted life 
of the specimen plotted logarithmically. The points lie on slightly 
curved lines. 

A consideration of Table III. shows that while the strength 
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under prolonged load slowly decreases with increase of tempera- 
ture, many of the high-temperature tests show very appreciable 
elongation, frequently exceeding 50 per cent. At 450° C. and 
at 850° C., the elongation results are found to be low. At the 
former temperature the poor ductility may be associated with 
incipient spheroidisation and at the latter with the proximity 


TABLE III.—Tests on Mild Steel NGK in Vacuo. 

















pe 4 Load, 
or Ultimate 
aon —_ Machine —— Elonga- Reduction Duration Micrograph. 
ture No. Used. msler tion. of Area. of Test. See Fig.— 
°C NGK— Machine. % % Days. Hr. 
7 . Tons per sq. 
in. 
15 271° | Amsler. 25-4 60 67 es nF 29 and 30 
350 239 Amsler. 27°7 37 62 ~ “¢ 
400 225 Creep. 19°8 36 62 17 «2 rT 
450 240 Amsler. 21°3 48 73 . as 31 
273 Creep. 18-0 1lt 71 P 2 x 
236 Creep. 15°8 21f 7 2 1 32 
280 Creep. 13°25 31t 65 12 22 33 
272 Creep. 12-0 8t 58 21 12 | 34, 35 and 36 
312 Creep. 10°0 10t 65 49 0 Aa 
500 268 Creep. 10-0 28T 76 2 18 37 
223 Creep. 9-9 31 75 4 14 38 | 
238 Creep. 9°9 | 33 73 7 7 39 | 
550 | 235 | Amsler 13-7 | 67 81 os | is 40 and 41 | 
224 Creep | 5-9 | 80f 2 4 22 ‘ | 
281 Creep. 4:0 75 72 24 0 42and43 | 
650 237 Amsler. 8-24 93 86 + 44 | 
226 Creep. 1°94 69 2 6 0 45 } 
750 242 Amsler. 4-64 75 96 ae 46 
241 Creep. 0°95 lll 92 o 4 +e | 
850 243 Amsler. 4°67 65 93 - ‘ a 
246 | Creep. 0-50 10 40 31 12 47 and 48 | 
245 Creep. 0-30 9 Not 81 ee 
broken j 
950 244 Amsler. 3°35 107 99 an 
269 Creep. 0-73 54 46 3 ae +e 
270 Creep. 0-50 33 29 12 = 49 























* Tested in air. 
+t Broke outside gauge length. 

Tests conducted in Amsler machine to give a life of about 2-3 min. 
of the upper critical point in steel. It is of interest that the 
«->vy change has increased the short-time tensile strength at 
850° C. to 4-67 tons per sq. in., whereas extrapolation from 
lower temperatures would suggest a value of about 3-0-3-5 
tons per sq. in. The second mild steel M referred to later in the 
paper does not show this absence of full ductility at 450° C., 
and it was not examined, owing to the exhaustion of the stock 
of material, at temperatures as high as 850° C. 

The fractures of the test specimens were found to conform 
to the well-known cup and cone type in all cases when the testing 
temperature did not exceed 650° C., and in short-time tensile 
tests even to 850° C. Most of the deformation occurred close 
to the fracture. At higher temperatures, and especially at the 
slower rates of creep, deformation occurred as a general tapecing 
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of the parallel portion of the test-piece, and the fractures were 
irregular. 

A consideration of the behaviour of the steel as the result 
of microscopic study indicates that very marked differences occur 
in the temperature range investigated. Before test the micro- 
structure of this steel, NGK, consists of normally distributed 
pearlite in a matrix of ferrite as is shown in Fig. 18 (Plate XIX.), 
and straining at room temperature in the course of a short-time 
tensile test distorts the pre-existing structure as seen either on 
the surface of the test-piece or on an etched section through the 
interior. Fig.29 (Plate X XI.)showsthe appearance of the surface 
after straining and indicates the greatly altered appearance of 
the ferrite and pearlite. A considerable amount of slipping has 
taken place in the ferrite, but the masses of pearlite have not 
greatly changed in shape, although the ferrite grains surrounding 
them are highly contorted. Fig. 30 shows that the structure 
near the fracture has been altered still more than that shown 
in Fig. 29, and the pearlitic areas have been elongated by the 
plastic flow of the accompanying ferrite grains. At the surface 
of the specimen (see Fig. 29) the pearlitic areas largely retain 
their lamellar character, although the internal movement has 
been considerable. It will be seen in Fig. 3¢ that in addition to 
the distertion of the ferrite grains, inequalities of strain have 
been imposed on individual grains. This residual strain has set 
up “strained areas’”’ within the ferrite, as revealed by etching 
the polished section. 

In a short-time tensile test at 350° C., the material exhibits 
increased strength compared with a room temperature test, 
and the structural changes taking place at these two temperatures 
are very similar. At low temperatures it appears that movement 
initially occurs by slip in the ferrite and also takes place in the 
pearlite, but the general extension of the specimen is not ac- 
companied by gradual movement within the crystals, but by 
movements initially of a block character. The degree of move- 
ment appears to vary from one part of a crystal to another, 
although slip has occurred by block movements more or less 
throughout all crystals in the initial stages of deformation, 1.e., 
just after the yield point has been passed. 

The contorted character of grains under deformation is, 
however, better seen at higher temperatures than at lower, such 
as 350° C. The pearlite, although more rigid than the ferrite, 
undergoes internal movement which possibly does not occur 
along the boundary surfaces of the lamellae, because these appear 
to be less sharply defined, whereas if movement had taken place 
in a direction parallel to the lamelle, it would be expected that 
the lamellar character would be revealed by the etching solution 
with greater definition. At temperatures above 450° C. it is 
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probable that the pearlite is not greatly stronger than the ferrite, 
and there appears to be little mutual interference. 

Fig. 31 shows the microstructure of this steel in the region 
of the fracture where deformation is greatest, after a short-time 
tensile test at 450° C. The duration of this test at 450° C. was 
about 2-3 min., but even with this short time of test it was 
necessary to heat the specimen for about 1-2 hr. above 300° C. 
to enable the test to be carried out. The pearlite and ferrite 
are highly contorted, and it is probable that recrystallisation of 
the ferrite grains has commenced. The presence of identifiable 
new grains can be seen after tests at 500° C. or, if considerably 
longer times of loading are given to the specimen, at 450° C. 
The steel does not show, between room temperature and 400° C., 
any very marked difference in the mode of deformation. In 
the absence of deformation at 450° C. no rapid alteration in 
structure develops, but if deformation is applied recrystallisation 
of the ferrite is apparent even after 2 days (see Fig. 32). By 
the application of a lighter load the specimen life is increased 
to 12 days, and not only is recrystallisation of the ferrite well 
marked, but there is also appreciable spheroidisation of the 
pearlite ; this is particularly noticeable at the fracture, where 
deformation is greatest (see Fig. 33). This micrograph is of 
interest in that it also shows an exceptional case of the occurrence 
of intercrystalline cracking in a few of the grain boundaries. 

The effect of the degree of deformation on the rate of 
spheroidisation at 450° C. is more clearly shown in a longer time 
test (214 days under a load of 12 tons per sq. in.). Figs. 34, 
35 and 36 (Plates X XI.and X XII.) show the condition of the pearlite 
under three conditions, (a) close to the fracture where spheroidisa- 
tion has progressed far, (b) 4 in. from the fracture where spheroidi- 
sation is commencing, and (c) in unstressed material heat-treated 
with the test-piece, where no appreciable spheroidisation has 
occurred, although the cementite at the boundary of the pearlite 
grain is receding from the neighbouring ferrite grains. Globules 
of cementite have thus been formed. This shrinkage of the 
pearlite lamellae is one of the characteristic features of the initial 
stages of low temperature spheroidisation. In the temperature 
range 500°-550° C. spheroidisation occurs rapidly under the 
action of deformation. Recrystallisation of some of the ferrite 
is also accompanied by grain growth of other parts. This last- 
named effect is indicated in Fig. 37, where the crinkled and 
interlocked character of the ferrite grain boundaries after a test 
lasting only two days is clearly shown. The generation of new 
grains and the incipient spheroidisation of the pearlite is seen. 
Fig. 39 also shows the character of the changes which occur 
at 500° C., the reduced strength of the pearlite relative to the 
ferrite is apparent and the development of new crystals after 
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7~8 days is much further advanced than in the structure shown 
in Fig. 37. 

The correlation of the surface appearance with the internal 
microstructure has been made by an examination of longitudinal 
sections through test-pieces polished close to the original surface. 
An example of such a section is shown in Fig. 38. Some of the 
crystals situated close to the surface have parted one from the 
other so that an inspection of the surface would suggest that 
the material was prone to intercrystalline brittleness. This 
widening of the grain boundaries at the surface is of common 
occurrence, and suggests that the crystals at the surface do not 
distort as much as those further removed from the outside of the 
test-piece. Care is therefore necessary in interpreting the results 
derived from surface examination. 

The difference between the microstructure of the surface of 
the material near the fracture and that found } in. away is again 
revealed in Figs. 40 and 41 (Plate XXIII.). Such differences were 
produced as a result of a tensile test at 550° C. lasting only 
2-3 min. In this specimen movement by slip is noticeable in 
the grains at the original surface, whereas a section through the 
test-piece showed that slip was accompanied by recrystallisation, 
which forms the visible indication of internal movement in the 
ferrite. This recrystallisation is probably a continuous process 
whereby new grains form and again continue to be deformed 
and re-annealed in their own turn. The new grains thus formed 
grow rapidly. At 550°C. the breakdown of the pearlite under 
the action of strain is very rapid, and in this short-time tensile 
test-piece spheroidisation has possibly commenced, but physical 
disruptio1 of the lamellae might also account for the absence of 
the characteristic appearance of the pearlite grains 

The effect of a test lasting 24 days under a load of 4 tons per 
sq. in. at 550° C. is very pronounced. The microstructure no 
longer, as at lower temperatures, shows definite pearlite grains, 
but the carbide is now present as particles of spheroidised cementite 
interspersed among the recrystallised ferrite. Fig. 42, at high 
magnification, shows the ferrite grains, the dispersed carbide 
and the location of cavities. In the unstressed end of the same 
test-piece (see Fig. 43) the degree of spheroidisation is considerable, 
but the pearlitic areas have retained their original shape. 

At 650° C. a most pronounced change occurs in the micro- 
structure after a short-time tensile test. In Fig. 44 the 
ferrite has completely recrystallised, and the pearlitic areas, 
although still identifiable, are considerably drawn out. The 
presence of cavities and of cracks—principally parallel to the 
direction of deformation—is also apparent. In a longer time 
test lasting six days (Fig. 45, Plate X XIV.) the breakdown of the 
former pearlitic areas has taken place. The appearance of these 
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specimens (Figs. 44 and 45) suggests that the pearlitic areas 
are as weak as the ferrite at 650° C., but it should be noticed 
that the ferrite has recrystallised, although traces of the old 
grains are discernible. 

The effect of the lower change point in steel, which occurs 
at 660°-720° C. is to bring about a discontinuity in the properties. 
As is well known, at 750° C. ferrite and austcnite form the normal 
constituents present in the steel instead of ferrite and pearlite 
at lower testing temperatures. The carbon of the steel is dissolved 
in the austenite and is retained in that state until the completion 
of the test, when, on cooling, the austenite present at the lower 
critical point is changed to pearlite. There is also a very con- 
siderable degree of recrystallisation in the ferrite which is not 
affected by the lower critical point. A further increase of the 
testing temperature to 850° C. causes this steel to be wholly 
changed to austenite (i.e, y-iron containing carbon in solid 
solution). The change not only brings about complete and 
uniform solution of the carbon, but also causes complete 
recrystallisation. 

After a short-time tensile test at 750° C., the microstructure, 
as depicted in Fig. 46, exhibits very marked recrystallisation. 
The former austenitic areas are darker than the ferrite unchanged 
at the lower critical point. These areas consist of cementite 
and finely recrystallised ferrite. 

The effect of a slight leakage of air on the appearance of the 
polished surface is shown in Figs. 47 and 48. The specimen which 
had been 31} days at a temperature of 850° C. exhibited marked 
relief effects which might be related to slip in a few of the crystals 
and also shows a very marked widening of the grain boundaries. 
A cross-section (Fig. 48) shows that decarburisation has occurred 
to a depth of 0-003 in. The pearlite which has separated from 
the austenite after the conclusion of the test is lamellar in 
character. This structure would result from the normal cooling 
of the specimen in the furnace of the creep unit. 

Fig. 49 relates to a specimen tested at 950° C. The specimen 
shows a coarsely separated form of pearlite, but there is no clear 
evidence that at the testing temperature the original large 
austenitic grains, from which the constituents have been sub- 
sequently derived on cooling, possess any general intercrystalline 
weakness. 

Mild Steel M.—The second sample of mild steel referred to 
as M, has been tested at various temperatures ‘not exceeding 
750° C., and the composition and properties of this material are 
recorded in Tables I., Il. and 1V. The results of short-time 
tensile tests and of creep tests are given graphically in Figs. 7 
and 8. Some of the results given in Table 1V. and in Fig. 7 have 
already been published.“ In Fig. 7 a curve is also given setting 
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forth the values of the estimated limiting creep stress as recorded 
in that report, together with a curve showing the stress/tempera- 
ture relationship for a 10-day life as deduced from the present 
results. From a comparison of the latter curve with that shown 
in Fig. 4, it appears that steel M is slightly stronger than steel 
NGK under prolonged loading. 


TABLE IV.—Tests on Mild Steel M in Vacuo. 

















Creep Load, 
r a aa omg 
‘em- Speci- oad on ; 
pera- | men Machine Amsler —— —— D — Micrograph. 
ture No. Used. or Buckton tig pa ial ha See Fig.— 
ag 3 M— Machines. “ ” 
Tons per sq. 
in. Days. Hr. 
15 111 Amsler.* 28-7 53 68 
16 3 Buckton.* 28°5 43 68 
100 t Buckton.* 30°5 26 63 
150 b 4 Buckton.* 35°6 24 52 
200 p 3 Buckton.* 37°6 24 51 
255 t Buckton.* 37°3 28 52 
300 t Buckton.* 34°3 37 59 
350 t Buckton.* 32°7 37 61 
400 t Buckton.* 27°3 40 69 
7 Creep. 23°8 33 53 14 12 
65 Creep. 19°8 9 Not 76 
broken 
450 t Buckton.* 25°5 43 71 os +s 
63 | Creep. 19-8 29 64 4 18 aa 
71 Creep 17°8 44 58 18 10 60, 51, 52 
and 53 
124 Creep. 17°38 18 58 7 1 64 
100 Creep. 16°5 27 59 10 2 
500 i Buckton.* 19°4 43 73 4s ve a 
74 Creep. 9-9 55 74 17 12 55 and 56 
95 Creep. 8-9 2 Not 34 16 57 and 58 
broken 
550 98 Creep. 9-9 32 81 ‘ 4hr. 
10 min. 
61 Creep. 8-2 35 78 -. 21hr. 59 
30 min. 
62 Creep. 6°12 53 79 7 14 +s 
76 Creep. 4°94 45 79 43 6 60 
615 t Buckton.* 9-9 65 93 e s + 
650 77 Creep. 5:0 48 90 ee 1hr. 61 
37 min. 
114 Creep. 1-94 32 65 10 22 ee 
117 Creep. 1°46 38 58 33 18 62, gaa 
704 t Buckton.* 4:7 83 96 ; = = 
750 75 Creep. 2°9 118 83 oe 0 hr. 65 
23 min. 
116 Creep. 0-94 82 78 3 15 66 


























* Tested in air. Rate of loading on Buckton machine, 4 tons per sq. in. per min. 
The specimens which were tested in the Buckton machine have not been examined 
microscopically. ’ 

tH. J. Tapsell and W. J. Clenshaw, Engineering Research Board, 1927, Special Report 


we. i, 
t Broke outside gauge length. 


Fig. 7 shows the rise in the tensile strength curve to a maximum 
at 250° C., and the fall in strength which occurs on increase of the 
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testing temperature. The curve is very similar to that shown 
for NGK in Fig. 4. 

At temperatures up to 650° C. the specimens broken in the 
creep tests show considerable necking, and below 550° C. the 
fractures are of the cup and cone type. At higher temperatures 
than these the necking is replaced by a gradual tapering of the 
test-piece to the point of fracture, and the fractures are coarse 
and of no definite type. 

The microstructure of the material before test is shown in 
Fig. 19 (Plate XIX.) and the structures of selected specimens after 
test in Figs. 50 to 66 (Plates XXV.to XXVIII.). In this group the 
appearances of typical specimens both on the surface and in the 
interior of the metal are shown. 

In a specimen which was pulled at room temperature a con- 
siderable amount of distortion of the surface of the crystals 
has occurred, and some crystals show an appreciable amount of 
slip. 

A creep test lasting for 76 days at 400° C. without rupture of 
the specimen was discontinued and the specimen was examined 
after it had extended 9 per cent. A comparison of the micro- 
structure in the stressed portion of the specimen with that in the 
unstressed end of the test-piece shows that in both cases the 
ferrite and the pearlite are unchanged. 

A test specimen which ruptured under a load of 17-8 tons 
per sq. in. at 450° C. after 18 days shows that the ferrite is dis- 
torted near the fracture, that the pearlite is commencing to 
spheroidise, and new grains are beginning to form (see Figs. 50, 
51 and 52). The unstressed test-picce shows, however, little 
change in microstructure (Fig. 53), except that the carbide at 
the edge of the pearlite grains forms a continuous margin around 
the pearlitic areas after exposure for 18 days at 450° C. 

The surface examination of a specimen which broke after 
seven days at 450° C. shows that there is a little slip on the surface 
but appreciable widening of the grain boundaries (see Fig. 54). 
The pearlite is also elongated, but is not clearly defined. 

The condition of the surface of a specimen tested for a longer 
time at 500°C. shows a very marked separation of the grain 
boundaries at right angles to the direction of pulling (Fig. 55). 
The material was, however, quite ductile, the extension being 
55 per cent. on the normal gauge length. Subsequent microscopic 
examination of the interior of the specimen revealed no general 
intercrystalline cracking, although a few cavities had developed, 
as seen in Fig. 56. This figure also shows that marked 
recrystallisation of the ferrite and spheroidisation of the pearlite 
have occurred close to the fracture. In a further and unbroken 
specimen stressed for 34 days, when 2 per cent. extension had 
occurred, spheroidisation in both the parallel portion and the 
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unstressed end of the test-piece had progressed to a similar 
degree (see Figs. 57 and 58). It is apparent that slight deforma- 
tion does not appreciably increase the rate of spheroidisation. 

The internal structure of a specimen tested at 550° C., which 
ruptured after 214 hr. under a load of 8-2 tons per sq. in., reveals 
very considerable rearrangement of both the ferrite and pearlite 
grains, as is shown in Fig. 59. The ferrite has also recrystallised 
in the form of new grains which are related to the main grains 
after the manner of sub-boundary structures. The pearlite is 
considerably spheroidised and shows little evidence of its former 
lamellar character. The unstressed end of another test-piece 
shows little spheroidisation after a much longer exposure to this 
temperature (see Fig. 60). 

In the creep test of short duration at 650° C., the internal 
material is found to be almost completely recrystallised, although 
some of the original boundaries are traceable, as in Fig. 61. 
The pearlite is also fairly fully spheroidised and no intercrystalline 
cavities are identifiable. With longer testing periods at this 
temperature cavities develop, especially in the highly deformed 
region near the fracture (see Fig. 62), but no evidence of inter- 
crystalline cracking is found. These microstructures indicate 
that complete recrystallisation under the action of stress has 
occurred, as the original grain boundaries are not traceable. A 
comparison of Figs. 63 and 64 shows that the original pearlitic 
structure has completely broken down under the action of 
deformation and prolonged exposure at 650° C., and the spheroi- 
dised carbide particles are distributed at random throughout 
the deformed material, which consists of recrystallised ferrite 
grains. In the unstressed specimen the original form of the 
pearlite grains is evident, but these pearlitic areas are elongated 
in a manner prescribed by the original banding, as shown in 
Fig. 19. 

Tests at 750° C., similar to the previous tests on steel NGK, 
were made above the temperature of the lower critical point in 
mild steel (about 690°-720° C.). Fig. 65 (Plate XX VIIT.) shows the 
coniition of the material at the fracture after a rapid test in a 
creep unit at 70°C. The austenitic areas at the temperature of 
test have been reconverted into ferrite and pearlite, and the whole 
of the remaining ferrite has been completely recrystallised under 
the action of stress. 

Fig. 66 shows the interior of a test-piece which broke after 
34 days at 750°C. The presence of lamellar pearlite indicates 
the breakdown of the austenite on cooling. Complete recrystallisa- 
tion has occurred and there is no trace of the original structure 
shown in Fig. 19. Numerous cavities are found between the 
ferrite and pearlite grains, and were probably situated at the 
junction of ferrite and austenite grains (at the testing temperature). 
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Section 4.—THE Bernaviour or SwepisH Iron (S anv L). 

The chemical composition and mechanical properties of these 
two samples of Swedish (Lancashire) iron are recorded in Tables I., 
II. and V., and some of the results of sample S are shown graphic- 


TaBLE V.—Tests on Swedish (Lancashire) Irons in Vacuo. 











Creep Load, 
Tem-! speci ped Reducti 
peci- oad on onga-} Reduction 
coe men — Amsler tion. of Area. — Micrograph. 
°C No. , Machine. % % . See Fig.— 
Tons per sq. 
in. Days. Hr. 
15 | S$ 145* | Amsler. 19-7 59 79 oF 67 and 68 
LZ 128* | Amsler. 20-4 42 72 ee ae 
850 | S$ 233* | Amsler. 25°7 34 56 - - 
S 73 Creep. 15°8 29 7 27 12 RF 
400 | $107 Creep. 11°8 31t 73 1 69 and 70 
Creep. 9-9 48 83 26 0 ik 
L125 Creep. 9-9 40 79 4 0 71 
450 | S 146 Amsler. 16-2 83 78 fe re ‘ni 
S 72 Creep. 7:9 35 81 2 20 72 
S 92 Creep. 5:8 55% 82 26 2 73 
500 | S 96 Creep. 8-94 51 86 24 12 age 
L 108 Creep. 8-9 62 89 14 6 74 
550 | S 147 Amsler. 10°45 90 88 75 
S 69 Creep. 3:9 115 86 18 76 
S 78 Creep. 2-9 34¢ 87 8 77 
600 | $101 Creep. 3-94 57 86 0°35 ii 
S 99 Creep. 2°94 80 91 18 $s 
650 | S 228 Amsler. 5°3 132 90 ah - ot 
S 79 Creep. 2-9 58t 93 ci 0-45 78 and 79 
S 102 Creep. 0-94 27 39 28 «16 80 
L 127 Creep. 0:94 20 29 28 2 ae 
750 229 Amsler. 2°8 127 95 a 
S$ 103 Creep. 0:94 80 79 os 5 - 
850 | S150 Amsler. 1-55 112 7 ae *e 81 
S$ 109 Creep. 0°30 72 89 1 2 82 
950 | S 230 Amsler. 3°33 138 88 os 
§ 231 Creep. 0-50 17 19 8 5 83 
S$ 123 Creep. 0-29 4 Unbroken 27 0 es 
L126 Creep. 0°5 22t 13 8 20 





























* Tested in air. 
] i outside gauge length. 
pproximately. 

ally in Figs. 9, 10 and 11. A comparison of the two irons shows 
that at room temperature the sample ZL is slightly stronger than 
that marked S, but in creep it is weaker at 400° and 500° C. 
At 650° and 950° C. the strengths of the two materials are not 
appreciably different. The curves plotted in Fig. 9 show the 
relationship of load, as given by short-time tensile tests, to the 
temperature of testing, and the connection between load and 
temperature for an effective life of the test specimen of 10 days. 
The strength in short-time tensile tests probably attains a 
maximum value at about 250° C., in accordance with the general 
behaviour of low carbon steels and iron. The marked increase 
in strength at the « > y change point is apparent from the result 
of both creep and tensile tests at 850° and 950° C. The load/time 
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relationships for each testing temperature are given in Figs. 10 
and 11. 

All test-pieces which have been pulled below 550° C. have 
fractures of the cup and cone type, although they are less regular 
in Swedish iron than in the other materials considered. Necking 
occurs near the fractures at these lower temperatures, but is 
replaced by a more gradual tapering of the parallel portion as 
the temperature rises. At higher testing temperatures fractures 
become irregular. 

The microstructures of the materials S and L before testing 
are given in Figs. 21 and 22 respectively. The changes in structure 
as a result of either creep or tensile tests are considered together 
in the text and micrographs Figs. 67 to 83 (Plates XXVIII. to 
XXXII.). In contrast with mild steel and with Armco iron, 
the deformation of Swedish iron and of carbony] iron is character- 
ised by a marked development of slip, and at higher temperatures 
general recrystallisation. In Swedish iron, in Armco ingot iron, 
and in carbonyl iron the material consists of one phase, and only 
the ferrite, together with the possible interfering effect of non- 
metallic inclusions and occasional traces of pearlite in the Swedish 
irons, need be considered. The behaviour of this pearlite has not 
been studied. 

Microscopic examination after testing at room temperature 
indicates that the planes of slip are very numerous, occurring 
in some crystals in two or three directions, as is shown in Fig. 67 
(material S). A longitudinal section through the fracture of 
the same specimen (Fig. 68) shows marked elongation of the 
ferrite grains which leads to strongly marked strain-etch patterns. 
In addition to strain-lines it appears that some of the crystals 
show strain-bands which differ markedly from the remainder 
of the crystal. 

After a test at 400° C., a polished surface of S exhibits sub- 
division of one or more crystals into smaller units, apparently 
accompanied by the commencement of recrystallisation (see 
Fig. 69). A longitudinal section through the same specimen at 
the fracture shows a very marked elongation of individual grains 
and of cavities between the grains (Fig. 70). 

Fig. 71 shows a longitudinal section through a specimen of 
material L tested at 400° C., and it can be seen that the crystals 
adjacent to the fracture are highly distorted and have become 
twisted together as a result of deformation. It is probable that 
new crystals of ferrite have been formed in the highly strained 
areas and there is a tendency for some cavities to be drawn out 
in the direction of the deformation. 

After test at 450° C., some crystals on the surface of a specimen 
of material S show well-developed slip in two directions (Fig. 72), 
but the slip planes appear to be less clearly defined. The grain 
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boundaries at the surface also show widening. A longitudinal 
section of a further specimen tested at this temperature until 
rupture occurred after 26 days showed that the ferrite grains 
had undergone recrystallisation by a process of subdivision 
recalling sub-boundaries. The recrystallisation shown in Fig. 73 
should be compared with that shown in Fig. 71; the comparison 
indicates that the shorter time and slightly lower temperature 
of test does not result in the development of much more than 
strain effects. 

Marked recrystallisation is revealed by a specimen of ZL tested 
at 500° C. (Fig. 74). This micrograph shows the disintegration 
of several large non-metallic inclusions into a series of disjointed 
fragments. The resulting space between the particles has become 
filled by flow of the ferrite. The grain development appears to 
be little affected by the presence of these inclusions. 

At 550° C., the fibrous character of the deformed material 
close to the fracture is more readily revealed (see Fig. 75). The 
shape of the deformed crystals is related to the longitudinal 
tearing which results in the formation of individual fibres, but 
there is no trace of any cracking at right angles to the direction 
of pulling. During test this specimen had elongated to the 
extent of 90 per cent. on the gauge length. It is apparent that 
the crystals are pulled into straight fibres, whereas at low 
temperatures (Fig. 70) there is a greater tendency for the crystals 
to be contorted. The character of the fibrous material is seen 
in greater detail in Fig. 76. Here the newly-formed grains 
within the fibres are drawn down in a longitudinal direction, and 
there are discontinuities between the fibres. 

The slip bands on the surface of a specimen tested at 550° C. 
(Fig. 77) are less clearly defined than at lower temperatures. 

The character of the slip formation in the ferrite grains after 
deformation at 650° C. is shown in Fig. 78. The slip planes are 
markedly stepped and are not sharply defined, and in one crystal 
they occur in more than one direction. The appearance of a 
longitudinal section through the fracture (Fig. 79) of the same 
specimen is markedly different from that of the surface and shows 
complete recrystallisation. The new grains which have been 
formed as a result of the deformation have ceased to be elongated, 
as owing to the higher testing temperature they have grown 
after deformation. 

The material is divided into fibres which probably correspond 
to the original crystal grain size, and the formation of these 
fibres is influenced by the non-metallic inclusions. | Numerous 
cavities have developed within the metal, particularly in the 
region of the fracture, but there is no transverse intercrystalline 
cracking such as would indicate a general weakness at high 
temperatures. 
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The appearance of the surface of material S after a test at 
650° C. lasting 28 days is shown in Fig. 80. This photograph, 
which should be compared with Fig. 78, relates to a long-time 
test which shows no deformation by slip, whereas the short-time 
tests at the same temperature have produced slip. In the longer 
time test the boundaries have been considerably widened at the 
surface where recrystallisation of the ferrite can also be seen. 


TaBLE VI.—Tests on Armco Ingot Irons in Vacuo. 





























Creep Load, 
iam i ge - eee 
“| Speci- oad on Elonga-} Reduction : 
pera-| “Then — Amslcr tion. | of Area. — a 
“ue No. , Machine. % % wiih ce BIg. 
’ Tons per sq. 
in. Days. Hr. 
15 | 4 112* Amsler. 20°4 44 73 aS ei zs 
H173*(a | Amsler. 18°5 46 69 = Ss 84 
300 | A 49 Creep. 15°8 61 71 28 20 os 
350 | A 163 Amsler. 23°5 52 64 Se ‘i 85 
A 45 Creep. 13°8 60 75 1 22 ayo 
A 41 Creep. 11°8 21 Unbroken | 135 0 
400 | A 44 Creep. 11°8 61 67 xa 6 
A 46 Creep. 9-8 40 49 14 22 ae 
H 172(a) | Creep. 9-9 34 51 oe 23 86 
450 | A164 Amsler. 15°1 61 81 bs : I 
A 30 Creep. 9°9 58 Not 2 
measured 
A 40 Creep. 8:8 38 . is. 32°6 
A 58 Creep. 5:9 36 33 41 0 
500 | A 80 Creep. 8-9 64 64 4 0°5 
550 | A 165 Amsler. 8°6 55 78 c 89 
A 34 Creep. 5-9 27 39 ts 2-1 
A 31 Creep. 3-9 34 Not 38 15 
measured 
H 174(a) | Creep. 3:9 17 21 2 16 90 
600 A 82 Creep. 5°94 40 62 oe 0-24 91 
650 | A166 Amsler. 5-2 69 75 ae es 92 and 93 
A 56 Creep. 3: 59 50 0°15 ne 
A 28 Creep. 0°94 2 6 26 12 94 
750 | 4152 Amsler. 3°21 50 54 5 re 3 
A 52 Creep. 0-94 8 13 3 1 
Al7l Creep. O-44 6 5 32 «15 95 
H 181(b) | Creep. 0-94 2 3 :. & a 
850 | 4157 Amsler. 2°26 70 66 oe “et 96 
A 54 Creep. 0-44 13 18 1 4 — 
A 93 Creep. 9-29 11 20 1 2 97 
950 | Aloo Amsler. 3°17 44 45 re - ae 
A 55 Creep. 0-44 12 8 s a - 
A 90 Creep. 0-24 11 8 14 «#12 100 
H 175(a) | Creep. 0-44 15 9 3 99 




































‘ 


* Tested in air. 
% (a) ‘xis of test-piece parallel to direction of final rolling. 


; (b) Axis of test-piece at right angles to direction of final rolling. 


The structure of the interior of a short time tensile test-picce 
is shown in Fig. 81. The recrystallisation at 850°C. is the result 
of deformation and not of the change point in iron as occurred 
in the two steels M and NGK. The unusual and apparently 
segregated appearance depicted in Fig. 81 is the result of marked 
grain growth of material recrystallised by the deformation. The 
suiface of another specimen tested at 850°C. does not reveal 














DEFORMATION AT HIGH TEMPERATURES.—PART I. 209 


slip, but recrystallisation has apparently occurred although the 
former grain boundaries are still well marked (Fig. 82). 

The structure of the interior of a specimen after test at 
950° C. is shown in Fig. 83. The material has been transformed 
by passage through the A, change point in iron, and the new 
y grains have become relatively large. Numerous cavities and 
cracks occur in the grain boundaries and some also lie in the 
grains themselves, but there is no certain information whether 
their presence is related to a transcrystalline weakness or to the 
sites of former grain boundaries. No evidence was obtained of 
general intercrystalline breakdown. 


SECTION 5.—THE Benaviour oF Armco InNcot Iron. (A ann H.) 


The chemical composition and mechanical properties of these 
materials at room temperature are recorded in Tables I. and IL., 
and the results of creep and tensile tests at higher temperatures 
are given in Table VI. Test-picces of material H cut parallel to 
the direction of final rolling have proved at room temperature 
to be weaker than those cut at right angles to this direction, 
but in this latter direction the material is equal in strength to 
material A. A complete comparison of the relative strengths of 
materials A and H at high temperatures has not been made, 
but in the tests so far carried out no difference in behaviour has 
been observed. The results of creep and tensile tests of material 
A are shown graphically in Figs. 12, 13 and 14. 

The strength of materials A and H should also be compared 
with the previously published figures relating to a sample of 
normalised Armco ingot iron investigated by H. J. Tapsell and 
W. J. Clenshaw.) The principal properties are given below: 


Temperature Estimated Limiting Ultimate Stress in Elongation in— 
Cc, Creep Stress. a > Tensile ra Tensile 
ev est. 
Tons per sq. in. Tons per sq. in. % 

200 28-0 29°3 26°5 

250 21:4 28:9 30 

300 16°3 27°9 38-5 

350 12-2 25:3 44-5 

400 8-4 20-0 61 

460 5-0 16-5 5l 

£00 ea 12-1 49 

€00 ae 6-8 34 

700 oe 4-1 53°5 


From a comparison of these figures with those given in Fig. 12, 
it will be secn that in short-time tensile tests up to 700°C., 
and in creep tests at 300° C., 400° C. and 500° C., the above 
matcrial is very slightly stronger than material A. The value 
of the estimated limiting creep stress given in the above table 
is not greatly different from that of the load required to break 
material A in ten days at the same temperature. 


1935—ii P 
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The cup and cone type of fracture is found in all creep and 
short-time specimens tested below 400°C. At this temperature 
there is a change to a coarse and irregular form of fracture in 
creep specimens, and at higher temperatures all fractures are of 
this type. At low testing temperatures specimens show very 
considerable deformation near the fracture. At temperatures 
higher than 550° C. the values determined for the elongation and 
reduction of area are very low except for specimens which have 
ruptured after tensile tests of a few minutes duration, but even 
in these cases above 550° C. there is very little necking or tapering 
of the parallel portion near the fracture. 

The microstructures of A and H in the condition prior to 
test are depicted in Figs. 24 and 26, and the changes produced by 
deformation are illustrated by Figs. 84 to 100 (Plates XXXII. to 
XXXV.). Fig. 84 shows the surface of a specimen of material H 
after a short-time tensile test at room temperature and indicates 
that slipping occurs in more than one direction in individual 
crystals. The form of slip in one of the crystals suggests, perhaps, 
that the ferrite is twinned. The changes in the microstructure of 
the interior of the specimen are similar to those already described 
for Swedish iron (See Fig. 68). 

A greater development of strain lines is shown by a test 
carried out at 350° C.; some of these lines are inclined at an 
angle of 45° to the direction of pulling, as in Fig. 85. This micro- 
graph suggests that there is a large amount of included non- 
metallic material which does not influence the generai character 
of the deformation. 

A longitudinal section through a specimen tested at 400° C. 
(Fig. 86), shows that the mode of deformation of Armco ingot 
iron at this temperature results in elongation of the crystals in 
the direction of straining. This deformation is accompanied by 
rupturing of some of the grain boundaries to form intercrystalline 
cracks. Swedish iron at the same temperature exhibits more 
marked grain distortion, as is shown in Fig. 71, but there is little 
indication of intercrystalline cracking. 

At 450°C. the grain boundaries exposed at the surface are 
considerably widened, as in Fig. 87 (compare with Fig. 84, tested 
at room temperature). In Armco ingot iron, as distinct from the 
other materials tested, there is less difference between the structure 
at the surface of a specimen and that of its interior. At 450°C. 
widening of the grain boundaries on the surface is accompanied 
by intercrystalline cracking in the interior (Fig. 88). 

In addition to the usual creep and tensile tests a special test 
on the material A was made to correlate the manner in which 
slip and grain boundary widening develop during the course of 
testing. The test was therefore conducted in stages and at each 
stage the specimen was examined microscopically. After re- 
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moving 0-025 in. by machining, the specimen was re-polished, 
re-etched and again loaded for a prescribed time. A nominal 
load of 7 tons per sq. in. wasemployed. The periodic microscopic 
examination showed that slip occurred during the first 54 hr. of 
testing, and no further development took place on the surface 
until the noticeable widening of the transverse grain boundaries 
occurred after 456 hr. A little slip also occurred at the conclusion 
of the test when the rate of deformation had considerably increased 
on account of the reduction in cross-sectional area and consequent. 
increase of stress. 

No recrystallisation of the ferrite crystals has been observed 
in specimens tested at 450°C. but marked recrystallisation 
occurred in specimen A80 (see Table VI.) after a test at 500°C. 
Again, at 550°C. marked recrystallisation is produced in the 
elongated crystal grains (Fig. 89). The recrystallisation has 
taken the form of sub-divisions whose grain boundaries are 
related to the planes of shear previously observed in the crystals 
(Fig. 85). This should be contrasted with the grain structure in 
Fig. 73 which shows the development of the ‘“ sub-boundary ” 
type of recrystallisation in Swedish iron. 

A specimen of material H tested at 550°C., also shows a 
marked development of new grains close to the fracture, and the 
new crystals formed are not dissimilar in shape to “ sub- 
boundaries ”’ (Fig. 90). After test at 600° C. material A shows 
marked recrystallisation at the fracture accompanied by rupturing 
of the former grain boundaries which are still discernible (Fig. 91). 

The formation of intercrystalline cracking has been studied 
in numerous test specimens and there is a fairly clear-cut division 
into classes of behaviour ; first, tests in which the specimens 
have failed by transcrystalline fractures, and, secondly, tests in 
which the samples have failed by intererystalline cracks. If in 
Fig. 12 a line is drawn through the three points whose co-ordinates 
are 10 tons per sq. in. at 400° C., 8} tons per sq. in. at 500°C., 
and 6} tons per sq. in. at 600° C., then all tests whose conditions 
are such as to fall below this line will show a definite inter- 
crystalline weakness. At rapid rates of extension at temperatures 
from 650° to 850°C. the formation of intercrystalline cracks is 
possibly masked by recrystallisation effects. 

The surface of a specimen of material A (Fig. 92) shows after 
a short-time tensile test at 650° C. fewer slip planes than at 
lower temperatures, but an increased degree of widening of the 
grain boundaries. The appearance of a longitudinal section of 
the same tensile test specimen (Fig. 93) is very similar to that 
of a creep test-piece which lasted only 10 min. at this temperature. 
In both cases the degree of elongation is high and marked re- 
crystallisation and grain growth have occurred, the latter being 
indicated by the absence of smoothness of the grain boundaries. 
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There appears to be a little intercrystalline cracking even at these 
rapid rates of extension. 

The rate of deformation plays an important part in the 
behaviour of the material at this temperature. At rapid rates 
the mode of deformation is as described above for the specimen 
illustrated in Fig. 93, but after testing to rupture at slow rates 
of extension other specimens show a small percentage elongation 
and fail by cracking at the grain boundaries with an almost 
complete absence of recrystallisation and grain growth (Fig. 94). 
Slow rates of extension result in the absence of visible slip on 
the surface (see Fig. 95). <A still more marked influence of the 
rate of deformation at 850° C. is recorded in Figs. 96 and 97. 
In the short-time tensile test recrystallisation is almost complete, 
but no recrystallisation can be seen as a result of the creep test 
which lasted about two days. 

In a creep test carried out at 950° C. no slip is observable on 
the surface (see Fig. 98), but the grains exhibit twinning which 
is characteristic of austenitic (y) iron. The absence of slip in 
Swedish iron at the same temperature has already been recorded. 
The grain boundaries seem markedly widened by the extension, 
in this case 12 per cent., and the widened grain boundaries appear 
to be related to the intercrystalline cracking in the interior. A 
longitudinal section through another specimen (Fig. 99) shows 
that the grain size is coarser than that of the original material, 
but the discontinuities do not all lie in the grain boundaries. 
The presence of cracks and cavities in positions away from the 
grain boundaries may be due either to transcrystalline cracking 
or to the migration of the boundaries away from the cracks as 
they have been formed. Fig. 100 illustrates a crack penetrating 
a crystal which does not follow any grain boundary, but might 
have been related to a former grain boundary. 

Attempts have been made to study the material by X-ray 
analysis. Some of the Armco ingot iron specimens considered 
above have been examined, together with specimens of cold- 
worked and annealed material of similar composition. 

The examination did not reveal any marked preferred 
orientation set up as a result of creep, and the character and 
definition of the doublet indicated little permanent straining 
of the lattice. The differences in measurements of the parameter, 
which have been observed in specimens, appear to correspond 
to differences in volume which normally exist between cold-worked 
and anncaled material. The changes of density on the cold 
working of iron are discussed by Adams.‘ 

In connection with the difficulty of attack by the X-ray method, 
it should be noted that a strain of about ,4, is produced with a 
limit of proportionality as high as 18 tons per sq. in., assuming 
Young’s modulus to be H = 3-0 x 10’. The evidence of the 
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existence of such strain in a crystalline material has been obtained 
by Sachs and Weerts‘” in an investigation of elastic measure- 
ments by X-ray methods. 

An X-ray examination of the surface of a ruptured specimen 
which had failed by intercrystalline fracture under a load of 
0-44 tons per sq. in. at 850° C. has shown that the boundary 
surfaces consisted wholly of orientated iron crystals and exhibited 
no features which call for comment. There was no indication 
of material of a highly disorientated character such as has been 
associated with grain boundary material, but it is possible that 
after rupture rapid recrystallisation of the severed film might 
have take place. Such an event would destroy the disorientated 
character supposed to exist in material in the vicinity of the 
grain boundary. 


Section 6.—THE BEHAVIOUR OF CARBONYL IRON C. 


The composition and mechanical properties of the rolled 
plate of carbonyl iron are given in Tables I., II. and VII. It 
will be noted that the purity of this material exceeds 99-9 per 
cent. Swedish and carbonyl irons are alike in showing a con- 
siderable distortion of the ferrite crystals under deformation 
and in the manner of recrystallisation of the deformed ferrite, 


TaBLE VII.—Tests on Carbonyl Iron C in Vacuo. 
































Creep Load, 
Ultimate 
Tem- | Speci- or : 7 . ? . 
pera- | men Machine ao ee oo Duration Micrograph 
ture No. Used. Machi ea eee of Test. See Fig.— 
°C Panee , Machine. 70 % 
. : Tons per sq. 
in. Days. Hr. 
15 169 Amsler.* 18:2 47 94 is i 101 and 102 
300 118 Creep. 9°65 21 Unbroken 61 22 es 
350 252 Amsler. 19°7 36 88 sn - - 
221 Creep. 10:0 49T 91 es 2+2 103 
400 115 Creep. 9°6 34t 96 Bs 0-25 104 
119 Creep. 5°63 59t 92 13 14 105 and 106 
450 253 Amsler. 19°9 62 88 os oa 107 and 108 
168 Creep. 5°6 74t 90 sé 3-25 109 
500 170 Creep. 1°62 7 Unbroken 14 18 3 
550 254 Amsler. 7°38 100 99 be és 110 
256 Creep. 2°5 29T 67 8 19 ie 
251 Creep. 1°5 7 Unbroken 21 0 ‘a 
650 257 Amsler. 3°84 109 99 ie me 111 and 112 
217 Creep. 0:66 3T 23 12 16 a 
750 258 Amsler. 2°49 105 98 ss 53 Pe 
255 Creep. 0:5 92 95 1 2 113 
850 274 Amsler. 0-9 127 >99 ‘% oe 114 and 115 
222 Creep. 0°35 100 97 ox 1°75 ar 
950 275 Amsler. 2°51 146 >99 we soa oe 
220 Creep. 0°35 11 30 oe 19 116 
218 Unstressed. = ie a 14. «18 me 
219 Creep. 0:17 — Unbroken 61 aS 





* Tested in air. 
+ Broke outside gauge length. 
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but carbonyl iron does not show any tendency to divide longi- 
tudinally into fibres as previously described. A curve showing 
the relation of load to temperature is plotted in Fig. 15 and 
the time required to produce rupture in a specimen after applica- 
tion of a load at a given temperature is plotted in Fig. 16. 

Considerable necking occurs in carbonyl iron specimens 
tested at temperatures below 550° C., but at higher temperatures 
this form of localised deformation is replaced by a more general 
tapering of the parallel portion. Fractures of the cup and cone 
type are found only in short-time tensile test-pieces at tempera- 
tures up to 450° C. Creep tests at temperatures below 650° C. 
have resulted in irregular fractures. At higher temperatures 
the reductions of area are much greater than those recorded 
for other materials, and both creep and short-time tensile specimens 
exhibit chisel-edged fractures. 

The microstructure before test is shown in Fig. 28, and is 
homogeneous and relatively free from non-metallic inclusions 
The grain size, however, is somewhat variable, but there is no 
tendency for ferrite to deform locally in bands. 

Fig. 101 (Plate XXXVI.) shows the degree of slip produced 
on the polished and etched surface of a test-piece after deformation 
at room temperature. There is no marked widening of the grain 
boundaries. The distortion of the crystals in the same test- 
piece (Fig. 102) appears to be more pronounced than in Swedish 
iron under similar conditions (Fig. 68), although the elongations 
of the two materials are not very different. 

In a creep test carried out at 350° C. (Fig. 103) the erystals 
which are markedly elongated show the effect of the strain 
and are possibly beginning to recrystallise. Near the fracture, 
in addition to the wood-like appearance of the deformed crystals, 
strain bands occur at right angles to the direction of deformation. 
Similar strain bands have been observed in Armco ingot iron 
(Fig. 85) and have also been observed in rolled cupro-nickel by 
Adcock'®), 

The interior of a specimen tested at a comparatively rapid 
rate at 400° C. is shown in Fig. 104. Near the fracture the crystals 
have been markedly deformed and twisted and are beginning to 
recrystallise. The rate of recrystallisation varies from one crystal 
to another, and similar tests on Swedish iron at the same 
temperature have shown the same phenomenon (see Fig. 71). 

The surface of a creep specimen which ruptured after a test of 
13 days at 400°C., exhibits well defined slip (Fig. 105). The 
interior of the same test-picce (Fig. 105) shows that the crystal 
grains are considerably drawn down and in process of recrystal- 
lisation. The appearance of these grains should be contrasted 
with those in Fig. 103. In this shorter test at a slightly lower 
temperature it is clear that the ferrite had only just commenced 











218 JENKINS AND MELLOR : BEHAVIOUR OF METALS UNDER 


to recrystallise. The test-pieces of carbonyl iron show considerable 
deformation in the form of necking, which is localised to such a 
degree that material at a distance of } in. from the fracture 
may not even be appreciably deformed. Fig. 107 (Plate XX XVII.) 
shows an example of this absence of deformation 3 in. from the 
fracture of a short-time tensile specimen tested at 450°C., 
whereas considerable deformation occurs close to the fracture of 
the same specimen, as in Fig. 108. Small grains of recrystallised 
ferrite have even appeared close to the fracture of a specimen 
subjected to a creep test which lasted only 3 hr. (Fig. 109). 

In a short-time tensile test at 550° C. considerable recrystal- 
lisation has occurred close to the fracture (Fig. 110). Even 3 in. 
from the fracture some recrystallisation has occurred, although 
the original ferrite grains have not been highly contorted but 
show marked elongation. 

The localised deformation in a short-time tensile test at 650° C. 
has produced complete recrystallisation near the fracture (Fig. 
111), whereas 3 in. from the fracture the original grains are 
clearly defined. One of these original grains, as shown in Fig. 112 
(Plate XX XVIII.), reveals the generation of new crystals like sub- 
boundaries within the main crystal. It is probable that the type 
of recrystallisation depicted in Fig. 111 has been preceded by the 
development of new grains in highly deformed ferrite, and the 
subsequent growth of the new grains. This mechanism is shown 
in its initial stages in Fig. 110, and is not similar to the process 
of sub-division of crystals in Fig. 112. 

A longitudinal section through the fracture of a creep specimen 
tested at 750° C. is shown in Fig. 113. The test-piece has pulled 
down to a sharp pointed fracture and the material in this zone 
is completely recrystallised. 

The surface of a short-time tensile specimen tested at 850° C. 
(Fig. 114), exhibits a relatively coarse formation of slip planes, and 
a section of this specimen 3 in. from the fracture shows no marked 
deformation, although recrystallisation appears to be proceeding 
in one of the original crystals by a process of sub-division into 
smaller grains (Fig. 115). 

In the tests at 950° C. the specimen has been deformed while 
in the austenitic (y) state. |General intercrystalline weakness 
does not appear, although discontinuities in the metal have been 
developed which appear to occupy the sites of present or former 
grain boundaries (Fig. 116). 

Section 7.—Discussion OF RESULTS AND CONCLUSIONS. 

The properties of the materials considered in the present 
investigation are related to the following : 
(1) The initial properties of the material. 

(2) The effect of softening at high temperatures. 
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(3) The changes resulting from differences in chemical composition and 
mode of manufacture. 

(4) The changes in the distribution of the chemical constituents, including 
the form of the carbide in mild steel and the distribution of oxygen. 

(5) The changes in the physical structure of iron, which has a body-centred 
cubic lattice below the change point at approximately 900° C. and 
a face-centred cubic lattice at higher temperatures. 

A summary of the principal forms of movement which can 
occur in tensile and creep tests has already been given in a 
previous paper) and is repeated below : 

(1) Slip movement on the cleavage planes of the crystals and a general 
adjustment of crystal dimensions to accommodate the elongated 
crystals within the aggregate. 

(2) General movement in the grain boundary material accompanied by 
auxiliary movement within the grains. 

(3) Movement beginning by slip or grain boundary change, but proceeding 
after the initial period by contemporaneous recrystallisation of the 
strained material. 

The tests on the seven materials between room temperature 
and 700° C. show that the extent to which changes produced by 
plastic flow are present is dependent upon the material, the 
temperature and time of test, and the degree of deformation. 
Many previous authors, such as Jeffries,“ have assumed that 
metals are liable to intercrystalline breakdown under load at 
temperatures higher than that required to produce recrystallisa- 
tion in “ cold-worked ”’ material. The latter has sometimes been 
termed the equicohesive temperature, but the use of this term 
docs not allow for the very pronounced effect of the duration 
of annealing. In short-time tensile tests the maximum value of 
the ultimate load occurs at a temperature of approximately 
250°C. The softening range, as determined by the recrystallisa- 
tion of ‘“ cold-worked ” material, is probably in the vicinity of 
450° C. to 600° C.2) but in creep tests this range of temperature 
is lowered to 350°C. to 500°C. as softening by heat-treatment 
occurs more rapidly when accompanied by simultaneous deforma- 
tion. The behaviour of any “ cold-worked”’ metal is greatly 
influenced by the duration of treatment at suitable recrystallisa- 
tion temperatures. If “‘ cold-worked ”’ material is reheated in a 
certain low temperature range sensible ageing occurs and harden- 
ing is developed. In view of the possibility of hardening after 
cold-work it is clear that the relationship of softening to heat- 
treatment cannot be direct. The creep rate in the third stage 
of a test, as described later, is determined by the rate of softening. 

The variation in the rate of deformation during a creep test 
is an important factor in the consideration of the mode of 
deformation. Curves expressing the relationship between 
deformation and time consist of four distinct stages: First, the 
initial strain on loading; secondly, a fairly rapid deformation 
whose rate decreases with time ; thirdly, a period of steady creep 
at a minimum rate of strain; and finally, a period of increasing 
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rate of strain, which leads to fracture. For carbon steels between 
300° C. and 600°C. under varying stresses producing the same 
minimum rates of creep, it has been shown?) that the degree 
of deformation in the first and second stages is large at low 
temperatures but decreases to a small value at 600°C. The 
length of the third period of steady creep is not greatly altered 
by change in temperature, but the duration of the fourth period 
increases with the temperature of testing. 

In a stage test on Armco ingot iron at 450° C., it is found 
that slip is the principal form of movement during the first two 
stages of deformation mentioned above. In the third stage 
movement occurs without appreciable change on the surface, 
whereas in the fourth stage the higher stress, resulting from the 
reduction in the cross-scctional area of the syecimen, gives an 
increased rate of deformation leading to failure. Additional 
slip bands are observable in this stage. It is probable that in 
the third stage movement occurs by continuous recrystallisation 
and the rate of hardening from strain is equal to the rate of 
softening from annealing. 

Slip is most obvious in carbonyl iron and Swedish iron and 
is least visible in Armco ingot iron and mild steel. The principal 
visible form of movement in these materials below 300° C. is 
by slip, which diminishes with increasing temperature up to 
850° C. 

At low temperatures, such as 450° C., initial deformation of 
a polycrystalline aggregate occurs by slip. Re-bonding occurs 
in a new position, but the process is not without a marked effect 
on the atoms adjoining the slip plane, as is shown in the permanent 
alteration of the properties of the material. Prolonged exposure 
to the temperature of the creep test, no doubt, produces early 
and invisible forms of crystallisation which hamper further slip 
movement by a spreading of the intenssly disturbed zoné of 
atoms which has been formed as a result of slip. The results 
show that the distribution of movement in a polycrystalline 
aggregate severely deformed by creep and short-time tensile 
tests is far from being uniform, and “ strained areas” are 
developed which can be detected by sectioning, polishing, and 
etching methods. These “strained areas” after prolonged 
exposure to a suitable testing temperature form the place of 
origin of new crystals. 

X-ray examination suggests that the lattice of a crystal 
grain can be strained to a degree corresponding to the elastic 
limit. Beyond this point slip occurs and the stress is relieved 
to a value possibly slightly less than that at the point of slipping. 
In order that slip may continue the stress must again build up 
to a value as great as or greater than the previous elastic limit. 
Slip is not a continuous movement, but occurs in a series of 
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steps which correspond to lateral movements on groups of parallel 
planes. In terms of the atomic size this movement is appreciable, 
for the blocks have dimensions corresponding to several thousands 
of atoms. This type of movement"* was found in creep tests 
on Staybrite steel and phosphor bronze which were tested, on 
account of the relatively low testing temperatures, under loads 
which were high in relation to the yield points of the materials. 
Although there was no appreciable deformation for periods of 
many hours, a marked and apparently instantaneous extension 
occurred suddenly as a result of slight vibrations in the room. 
The application of load was continued without appreciable 
elongation until a further sudden yielding took place. 

The present work shows that deformation at high temperatures 
results in recrystallisation, and the term is regarded as including 
any process which results in crystalline recovery. As far as its 
ultimate effect is concerned, the subject of recrystallisation is 
divisible into three sections : 

(a) Grain growth. 

(6) Generation of new crystals by full recrystallisation. 

(c) Division of existing crystals into smaller units : ‘* Sub-crystallisation.” 
Thus deformation by creep tends to produce fragmentation of 
the crystals, whereas the result of prolonged treatment at an 
annealing temperature results in more or less complete crystalline 
recovery. In some cases less recrystallisation is found at high 
temperatures in a longer time of test than in a shorter one, while 
the converse is true at lower temperatures of test. In the former 
case the crystals tend to sub-divide in a manner similar to the 
formation of sub-boundaries, while in the latter full recrystallisa- 
tion occurs. 

In the case of slight deformation at an intermediate range of 
temperature re-orientation effects are set up in the strained 
crystals without the formation of new grains. The phenomenon 
is somewhat analogous to the results of re-annealing deformed 
material, in that lightly deformed material does not recrystallise, 
but undergoes re-orientation within the crystals, and consequently 
considerable re-adjustment of the internal grain boundaries is 
necessary to produce a stable system. Grain growth, therefore, 
occurs on the part of favourably orientated crystals, and such 
grain growth is found in some of the test-pieces in the present 
series. 

The normal manner of failure in test-pieces of iron and mild 
steel fractured below 400° C. is by transcrystalline rupture. In 
longer time creep tests at 400° C. Armco ingot iron exhibits inter- 
crystalline cracking, but no characteristic intercrystalline failure 
is found in the other materials tested at this temperature. Trans- 
crystalline rupture probably results from the fact that the centre 
of a crystal, owing to geometrical conditions, deforms more 
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easily than the material in the region of the grain boundaries. 
Transcrystalline rupture is an indefinite term and includes all 
types of failure which are not definitely intercrystalline. 

In addition to slip, other forms of movement can be seen 
on the surface of test-pieces. At temperatures higher than 
about 500° C., varying with different materials, there is on the 
surface a widening of transverse grain boundaries* which may 
develop into intercrystalline cracks for the depth of a crystal 
or so. These cracks show little tendency to spread into the 
material except in Armco ingot iron. The tests on Armco ingot 
iron also show that intercrystalline cracks may develop by 
internal separation of the grains. 

Failure by intercrystalline cracking is found in materials 
subjected to internal strain accompanied by corrosive conditions, 
and in alloy steels fractured by prolonged application of stress 
at elevated temperatures. In the latter case the crystals have 
been stiffened by alloying additions,“* but this does not appear 
to strengthen the grain boundaries. 

The present work suggests that intercrystalline cracking 
occurs in a material which does not accommodate its localised 
differences in stress by recrystallisation. The facility of re- 
crystallisation prevents a material from becoming unduly work- 
hardened and does, in general, hinder the formation of cracks 
which lead to rupture. In creep tests at high temperatures 
Armco ingot iron is the material which is most prone to failure 
by intercrystalline cracking. The particular behaviour of this 
material is probably connected with the distribution of oxygen, 
nitrogen and other constituents, which leads to a stiffening action 
on the ferrite without appreciable strengthening of the grain 
boundaries. 

The mode of failure of mild steel at high temperature is not 
ascribable to a general intercrystalline form of cracking, although 
a form of weakness develops which leads to the formation 
of cavities in the contact zone of ferrite and pearlite grains. 
At temperatures below 300° C. the presence of the harder con- 
stituent, pearlite, probably has a marked stiffening effect on the 
ferrite grains, and this effect diminishes with rise of temperature 
up to the A, point. 

Apart from the mode of rupture and degree of recrystallisation, 
spheroidisation of the carbide in mild steel is found to take place. 
After long duration tests over the range of temperature 450° C.- 
650° C., and after short-time tensile tests at 550° C. ‘and 650° C., 
the pearlite present in mild steel begins to spheroidise under 
the action of the temperature and deformation. If spheroidisa- 
tion is continued to completion, the iron carbide is aggregated 


* See discussion to paper by D. Hanson and M. A. Wheeler, Journal of the Insti- 
tute of Metals, 1931, No. 1, p. 229. 
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MATERIALS BEFORE TES1 





Fic. 17.—Mild Steel NGK. Sulphur Prints. Fic. 18.--Mild Steel NGK. Microstructure. 
Upper, longitudinal section; lower, x 150. 
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Fic. 19.—Mild Steel M. Microstructure. Fic. 20.—Swedish Iron S. Phosphorus etch 
< 150 prints. Upper, longitudinal section ; 
lower, transverse. X 1. 
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Fic. 21.—Swedish Iron S. Microstructure. Fic. 22.—-Swedish Iron L. Microstructure. 
x 150. x 150. 


(Micrographs reduced to two-thirds linear in reproduction.) 
{Jenkins & Mellor. 
{To face p. 224. 
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lower, transverse. 


Fic, 25.—Armco 
sulphur print ; 
print. xX 1. 
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Fic. 24.—Armco Ingot Iron A, Micro- 
structure, 150 
— 
* 
om, ae 
oil \ 
j 4 a 
oe y 
ee Pe - oc” 
~ a ee 
on —— 
oe 
P o« 
. = ’ 
~ _ 
> ~ 
ee . 
_ ° -. 
ad - 
~ rm « 
ote of 
fz ‘S : ~ 
7 a <a j =< 
od 
Fic. 26 Armco Ingot Iron H. Micro- 
structure. 150. 
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Fic. 28.—Carbonyl Iron C. Microstructure. 


150. 
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Fic, 29.—15° C, 


4 254 tons per sq. in. _ Short- Fic. 30.—15° C. 25°4 tons per sq. in. Short- 
time tensile test. NGK.271. Surface. time tensile test. NGK, - Section 
§ in. from fracture. 500, 





it iron-plated fracture. 
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Fic. 31.—450° C. 21°3 tons per sq. in. Short- F1G. 32.—450° C. 15°8 tons per sq. in. Creer 
ume tensile test. NGK. 240. Section test. 2davsl hr. NGK. 236. Section 
at iron-plated fracture, SOU. ‘ in. from fracture. 150. 
% 
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Fic. 33.—450° C. ‘25 tons per sq. in. Fic. 34.—450° C. 12 tons per sq. in. Creey 
Creep test. 12 days 22 hr. NGK, 280, test. 21} days. NGK. 272. Section 
Section close to fracture. 00. close to fracture, 1,500. 
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Fic. 35.—450° C. 12. tons per sq. in. Creep Fic. 36.—450° C. 21} days. NGK. 272X. 
test. 21} days. NGK. 272. Section Unstressed material. x 1,500. 
$ in. from fracture. 1,500. 





Fic. 37.—500° C. 10 tons ver sq. in. Creep Fic. 38.—500° C. 9'9 tons per sq. in. tae 
test. 2days18hr. NGK. 268. Section test. 4daysl4hr. NGK.223. Edge of 
} in. from fracture. x 500. iron-plated section } in. from fracture. 

x 150. 





Fic: 39.—500° C. 9°9 tons persq. in. Creep test. 7 days 7 hr. 
NGK, 238. Section close to fracture. x 500 
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Fic. 40.—550° C. 13°7 tons per sq. in. Short- Fic. 41.-—550° C. 13°7 tons per sq. in. Shorts 
time tensile test. NGK. 235. Surface time tensile test. NGK,. 235. Section 
} in. from fracture. SOO. it iron-plated fracture. & 500. 
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Fic. #2.-—550° ¢ 4 tons per sq. in, Creep test. 24 days. NGK, 281 
Section close to fracture. 1,500 
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Fic. 43.—550°C. 24 days. NGK. 281X. Fic. 44.—650° C. 824 tons per sq. in. 
Unstressed material. 1,500. Short-time tensile test. NGK. 237. 


Section in. from fracture. 
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MILD STEEL. 





Fic, 45.—650° C. 194 tons per sq. in. Cree] Fic. 46.-—-750° C. 4°64 tons per sq. in. Short- 


test. 6 days. NGK, 226. Section } in. time tensile test. NGK. 242. Section 
from fracture. 500 ? in. from fracture. 150. 
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Fic. 47.—850° C.  0°5 ton per sq. in.  Creey Fic, 48.--850° C. 05 ton per sq. in.  Creey 
test. 314 davs. NGK. 246. Surface test. 314 davs. NGK. 246. Edge of 
1 in. from fracture. 300 section § in. from fracture. 150 
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Fic, 49.—950° C.  0°5 ton per sq. in. Creep test. 12 davs 4 hr. 
NGK. 270. Section at iron-plated fracture. 150. 
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Fic. 54.—450° C. 17°8 tons persq. in. Creep test. 7days. M. 124. 
Surface | in, from fracture. 300. 





Micrographs reduced to two-thirds linear in reproduction, 








PLATE XXV. 





a tae ee a = ‘ot 

Fic. 50.—450° C. 17°8 tons per sq. in. Creep Fic. 51.—450° C. 17°8 tons per sq. in. Creey 
test. 18 days. M. 71. Section at test. 18 davs. M. 71. Section | in. from 
copper-plated fracture. 150 fracture 1,500 
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Fic. 52.—450° C. 17°8 tons per sq. in. Cree} Fic. 53.—450° ( Ik davs. Unstressed end 
test. I8davs. M.71. Section close to of test-piece. M. 71 1,500 
fracture. 1,500. 
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Fic. 55.—500° C.  9°9 tons persq. in. Creep test. 17) days. M. 74. 
Surface after test. x 300. 
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Fic. 56.—500° C. 9°9 tons per sq. in. Creep Fic. 57.— 500° C.  8°9 tons per sq. in. Cree} 
test. 174 days. M. 74. Section at test. 34 davs. Unbroken. M. 95. 
copper-plated fracture. x 1,500. Section after test. 1,500. 








Fic. 58.—500° C. 34 days. Unstressed Fic. 59.—550° C. 82 tons per sq. in. Creep 


M.95. x 1,500. test. 21h hr. M. 61. Section after 
, : test. 1,500. 
(Micrographs reduced to two-thirds linear in reproduction.) 
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43 days. 
M. 76. 


Fic. 60.—550° C. 
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Unstressed end 
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>. 61. 


test. 
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Fic. 62.—650° C. 1:46 tons per sq. in. Creep test. 34 davs. M. 117 
Section | in. from fracture. 150 
. ~ y ‘ 
‘ MOEk ~- / Piast 
Xs ‘ en as X fa LY 
4 Feo % bw? 
“Ge, P m?. ° - * . 
Led i AR id 
b> I oe . ar : ~ aon ; 
yor Paul - . Es ng ~ 
Svs a ey EN wit 
a z = ~ Sl eee 
l= ee. . Fye- 
oy & % Jt 
: a “ ix ¥ " 
<-> 4 by — on 2 on 
rd \ P ‘o*> ee 
, ~ 5 Pa 
heal Pre NI SRP oe ges a 
rw § 4 oe - =, .* 
~ £ <= \ % wee 
f —a - ba . ya > 
+ pn See GSN ge 
cn or . 1 * 
- ~*~ rs * 
‘ , 
-* ‘vo. . ' at 
. & aif & . 
. at “ 
© .w/ ~ fF we ’ M 
° 5 6 SA eS 4 = 
Fic. 63.—650° C. 1°46 tons per sq. in. Cree} FG. 64.--650° C. 34 days. Unstressed end of 
test. 34 days. M.117. Section } in. test-piece. M.117. x 500. 


from fracture. 500. 
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[Jenkins & Mellor. 








TRON. 


MILD STEEL AND SWEDISH 











~. ¢ 


Fic. 69.—400° C. 11°8 tons per sq. in. Creep test. 27 hr. 20 min. 
S. 107. Surface ? in, from fracture, 500, 


“(Micrographs reduced to two-thirds linear in reproduction. 
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Fic. 65.—750° C.  2°9 tons per sq. in. Creep Fic. 66.—750° C, 0°94 ton per sq. in. Creep 
test. 23min. M.75. Section at copper- test. 3days15 hr. M. 116. Section 
plated fracture. 150. ! in. from fracture. 1,500. 
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Fic. 67.—15° C. 19°7 tons per sq. in. Short- Fic. 68.—15° C. 197 tons per sq. in. Short- 
time tensile test. S. 145. Surface } in, time tensile test. S. 145. Section in. 
from fracture. 300. from fracture. 500. 
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SWEDISH IRON. 





F1@. 70.—400° C. 11°8 tons persq. in. Creep test. 27 hr. 20 min, 
S. 107. Section at iron-plated fracture. 150. 
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Fic. 71.—4005 C. 9-9 tons per sq. in. Creep test. 4 days. L. 125. 


Section at iron-plated fracture, 150. 





Fic. 


72.—450° C. 7-9 tons per sq. in. Creep test. 2 days 10 hr. S. 72. 
Surface after test. 300. 
Micrographs reduced to two-thirds linear in reproduction. 
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Fic. 73.—450° C. 5°8 tons persq.in. Creep Fic. 74.—500° C. 
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S.147. Section at iron-plated fracture. ™* 150 
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Fic. 76.—550° C. _ 3°9 tons rer sq. in. Creep test. 18 hr. 


Section close to fracture. 1,500. 
(Micrographs reduced to two-thirds linear in reproduction.) 


test. 26 days. S.92. Section} in. from test. 14 days 6 hr. 
fracture. x 500. } in. from fracture. 


Fic. 75.—550° C. 10°45 tons per sq. in. Short-time tensile test 


S. 69. 
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108. Section 


500. 
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Fic. 77.—550° C. 2°9 tons per sq. in. Creep Fic. 78.—650° C. 2°9 tons per sq. in. Creep 
test. Sdays2hr. S.78. Surface 1 in. test. 27 min. S.79. Surface after 
from fracture. x 300. test. xX 300. 





Fic. 79.—650° C. 2°9 tons persq.in. Creeptest. 27min. S.79. 
Section at copper-plated fracture. x 150. 
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Fic. 80.—650° C. 0°94 ton per sq. in. Creep Fic. 81.—850° C. 1°55 tons per sq. in. Short- 
test. 28 days. S. 102. Surface } in. time tensile test. S.150. Section } in. 
from fracture. x 300. from fracture. xX 150. 
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} in. from fracture. 150. 


Fic. 84.—15° C. 18°5 tons per sq. in. Short-time tensile test. 
Surface } in, from fracture. OW). 












time tensile test. A. 163. Section test. 23 hr. 
7 in. from fracture. x 150. plated fracture 


(Micrographs reduced to two-thirds linear in reproduction. 


TP aT Oe ad 


plated section 4 in. from fracture. 
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Fic. 85.—350° C. 23°5 tons per sq. in. Short- Fic. 86.—400° C. 9°9 tons per sq. in, 
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Fic. 82.—850° C. 0°3 ton per sq. in. Creep Fic, 83.—950° C.  0°5 ton per sq. in. Creep 
test. 1 day 22 hr. S. 109. Surface test. 8 days 5 hr. S. 231. Edge of iron- 


Xx 150. 
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7°5 tons per sq. in. Creep test. 1 day 16 hr. 
4.162. Surface 1 in, from fracture. 300. 
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Fic. 88.—450° C. 7°5 tons per sq. in. Creey F1G. 89.—550° C. 8°62 tons per sq. in. Short- 
test. I day 16 hr. A. 162. Section at time tensile test. A. 165. Section } in, 
iron-plated fracture. 150. from fracture. 500. 





Fic. 90.—550° C. 3°9 tons persq.in. Creep test. 2 days 16 hr. 
174. Section at iron-plated fracture. x 150. 
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Fic. 91.—600°C. 5-4 
test. 13min. A 
plated fracture. 


Fic. 93.—650° C. 5 
time tensile test. 
from fracture. 


test. 33 days. 
from fracture. 


Fic. 95.—750° C, 0-44 ton per sq. in, Creep 


x B00. 


InGot IRON, 





Fic. 92.—650° C. 
time tensile test. 
} in. from fracture 


4 tons per sq. in. Creep 
. 82. Section at copper- 
1,500 


time tensile test. 
from fracture. 


A.171. Surface } in. 
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5-2 tons per sq. in. Short- Fic. 94.—650° C. 
A. 166. Section } in. test. 264 days. 
500. iron-plated fracture. 


0:94 ton } 
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A. 157. 
x 150. 
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x 300. 


166. Surface 
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Fic. 96.—850° C. 2-26 tons ver sq. in. Short- 


Section } in. 


Jenkins & Mellor. 











PLATE XXXV. 


INGoT IRON. 





Fic, 97.—850° C. 0°29 ton per sq. in. Creep test. 1 day 22 hr. A. 93. 
Section at iron-plated fracture. ™& 150. 





Fic. 98.—950° C. 0°38 ton per sq. in. Creey Fic. 99.—950° C. O44 ton per sq. in. Creep 
test. l day 12 hr. A. 167 Surface test. 3 days 3 hr. H.175. Section 
after test } in. from fracture. 300 }, in. from fracture. 150. 
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950° C. Or24 ton persq.in. Creep test. 14) days. A. 0. Edge 


of iron-plated section } in. from fracture. x 500. 


Micrographs reduced to two-thirds linear in reproduction. 
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CARBONYL IRON. 


Fic. 101.- 


15°C. 18°2 tons per sq. in. 
Short-time tensile test. C. 169. Surface 
} in. from fracture. » 300. 





Fic. 103.—350° C. 10 tons per sq. in. Creep 
test. 2 hr. 10min. C.221. Section at 
iron-plated fracture. 150. 
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Fic. 105.—400° C. 
Creep test. 
Surface 1} in. from fracture. 


5°63 tons per sq. in. 
13 days 15 hr. C. 119. 
x 300. 
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Fic. 106.—400° C. 





1G. 102.—15° C. 


time tensile test. 
from fracture. 


- NS, 
Fic. 104. 


Creep test. 


jy in. from fracture, <x 150. 









Creep test. 


Section 4 in. from fracture. 


460° C, 
iS.mm. C. 
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18°2 tons ner sq. in. Short- 
C. 169. Section 4; in. 
150. 
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5°63 tons per sq. in. 
13 days 15 hr. C. 119. 
x 500. 
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Fic. 107.—450° C. 19°9 tons per sq. in Fic. 108.—450° C. 199 tons per sq. in. 
Short-time tensile test. C. 2538. Section Short-time tensile test. C.253. Section 
? in. from fracture 150. close to fracture. 5UU. 





Fic. 109.—450°C. 5°6 tons per sq. in. Creep test. 3 hr. 15 min. 
C. 168. Section at iron-plated fracture. 150. 
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Fic. 110.—550° C. 7°38 tons per sq. in. Fic. 111.—650° C. 3°84 tons per sq. in. 

Short-time tensile test. C. 254. Section Short-time tensile test. C. 257. Section 
close to fracture. 500. at iron-plated fracture. * 150. 
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C. 257. Section 3 in. from fracture. 500. 
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Fic, 113.—750° C. 0°5 ton per sq. in. Creep 
test. I day2hr. C. 255. Section at 


iron-plated fracture. 150. from fracture. 300. 
ct ; ~ 
\ 
Ke ‘ 
4 


iGo S 
SEEN t52 2 
Fic. 115.—850° C. 0°9 ton ver s 
time tensile test. C. 274 
from fracture. x 150. 
(Micrographs reduced to two-thirds linear in reproduction. 
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Fic. 116.—950° C. 
Section 3 in. test. 19hr. C. 220 
fracture. x 150. 
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Fic. 112.—650° C. 3°84 tons per sq. in. Short-time tensile test. 
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Fic. 114.—-850° C. 0°9 ton per sq. in. Short- 
time tensile test. C. 274. Surface 14 in. 


Section } in. from 
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DEFORMATION AT HIGH TEMPERATURES.—PART I. 225 


into rounded globules, which have little stiffening effect on the 
continuous ferrite phase. 

The rates of spheroidisation of carbon steels at temperatures 
from 500°-700° C. have been discussed by Bailey and Roberts," 
who suggest the following equation for the variation of the rate 
of spheroidisation with temperature : 

33,000 
t=A(e) T 





where ¢ is the time in hours required to bring about a given 
degree of spheroidisation, 7' is the absolute temperature, and A 
is a constant influenced by the thermal history and mechanical 
condition of the material. In their tests on the effect of creep 
on the rate of spheroidisation, these authors employed rates of 
creep which resulted in a very small total strain, and they con- 
sidered that the strain set up by working stresses had an almost 
negligible influence on the rate of spheroidisation (see their 
tests at 560° C. and 600° C.). The present work shows that in 
24 hr. at 550° C. spheroidisation under the deformation produced 
by a load of 4 tons per sq. in. is quite appreciable and in marked 
contrast to the inappreciable amount produced in an unstressed 
specimen, At 450° C. and 550° C. in the absence of appreciable 
deformation spheroidisation is extremely slow, but becomes 
somewhat rapid in the vicinity of fracture in long-time creep 
specimens. It thus appears that the rate of diffusion of the 
carbide has been greatly increased by the deformation. The 
relative rates of recrystallisation and of diffusion of the carbide 
differ at various temperatures, and it is unlikely that spheroidisa- 
tion at 450° C. will ultimately have the same effect on the properties 
of a material as that which is effected at 650° C. 

The change in the lattice structure of iron (« >y change) 
gives rise to appreciable alteration in the strength of the material, 
in the microstructure, and in the mode of deformation. In 
the work of Rosenhain and Humfrey’) the tests on an almost 
carbonless iron showed a marked fall in strength with increasing 
temperature to a minimum at about 840° C. The present work 
on Swedish iron, Armco ingot iron, and carbonyl iron confirms 
these results as regards the change of strength of these materials. 
Mild steel, however, has been found to be stronger at 850° C., 
a temperature which is above the A, critical point, than below 
it at 750° C. 

The samples of Swedish iron and of Armco ingot iron contain 
larger and more numerous non-metallic inclusions than the mild 
steels. The carbonyl iron is apparently free from included 
matter. In no case does it appear that the mode of deformation 
and fracture has been directly influenced by individual pieces 
of non-metallic material. An indirect effect is undoubtedly 
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present in the case of Swedish iron which tends to split into 
longitudinal fibres parallel to the direction of the non-metallic 
inclusions. Intercrystalline cracking of Armco ingot iron is 
not connected with visible included matter, but may possibly 
be associated with the oxygen and nitrogen contents and a 
proportion of other constituents. 

The effect of the process of manufacture of the various materials 
is revealed by differences in the mode of deformation in long- 
time creep tests. Mild steel shows little tendency to develop 
intercrystalline weakness or to split longitudinally into fibres; 
it thus appears that the presence of carbon during manufacture 
has kept the material free from some of the defects which arise 
from the presence of oxides. Swedish iron shows ease of 
recrystallisation, considerable ductility, but a marked tendency 
to form longitudinal fibres under the action of deformation. The 
mode of manufacture causes an unusual distribution of the 
impurities in Armco ingot iron, which is the least ductile of all 
the materials and is characterised by a tendency to develop 
intercrystalline cracking at high temperatures. Carbonyl iron 
shows no tendency to split longitudinally into fibres, but is 
otherwise very similar in behaviour to Swedish iron. 


The authors are grateful to the late Dr. W. Rosenhain for 
suggestions in the initial stages of the work, and to Dr. C. H. 
Desch, F.R.S., Superintendent of the Metallurgy Department of 
the National Physical Laboratory, during the later stages. They 
also wish to recognise the assistance of Mr. E. A. Jenkinson, B.Sc., 
which has been of great value throughout the whole of the experi- 
mental work. 
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DISCUSSION. 


Mr. L. E. Benson (Manchester) said that the paper was full 
of information and represented the beginning of a systematic 
study of a group of phenomena which were related and very 
complex. It had been obvious for some time that some such 
systematic study was due. He thought the authors were very 
much to be congratulated on the information they had presented, 
and that thanks were due to them and also to the Department of 
Scientific and Industrial Research. If he appeared to criticise 
the paper, he hoped the criticism would be accepted in the 
friendliest way. 

In their discussion of results the authors referred to the 
intercrystalline type of cracking which was such a fascinating 
study, and they mentioned that “failure by intercrystalline 
cracking is found in materials subjected to internal strain accom- 
panied by corrosive conditions.” Evidently the season-cracking 
type of failure was referred to, but why internal strain? The 
season-cracking type of failure could occur with external just as 
with internal strain. If external strain were in mind, the analogy 
between that type of cracking and the type that might occur 
under creep conditions was more marked, though he very much 
doubted whether the analogy was well founded. Mr. Benson 
thought the authors did not really intend to suggest that it was 
well founded in the paper. 

In the same paragraph of the paper, the authors remarked 
that on creep-testing specimens of alloy steels the crystals had 
been stiffened by alloy additions, but that this did not appear to 
strengthen the grain boundaries, the suggestion being that the 
crystalline material behaved something like a brick wall in which 
the bricks had been made hard and strong but the mortar remained 
weak. That was an idea which was a useful one as a picture, but 
again he felt it did not help greatly to understand what occurred 
in the intercrystalline failure of steels under creep conditions. It 
might perhaps represent what occurred in some measure, but the 
phenomenon which was being considered was probably more 
complex than the breaking down of a brick wall built with weak 
mortar. 

The information given regarding the behaviour of Armco 
ingot iron, and comparing the breakdown of Armco ingot iron with 
the mode of failure of other irons, was most illuminating and 
suggestive. The authors said, in that connection, that the peculiar 
behaviour of the Armco iron was probably connected with the 
distribution of oxygen, nitrogen and other constituents, which 
led to a stiffening action on the ferrite. He suggested that that 
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was a debatable statement. He thought that the cause or 
mechanism of this intercrystalline type of failure was simply not 
understood, and it was desirable to keep a perfectly open mind 
about it for the present. 

His point was emphasised by the illustration in Fig. A (Plate 
XXXVIIIA.), which was of a samonle of steel taken from some of the 
work on spheroidisation with which he had been connected. The 
particular sample in question showed a piece of steel which had 
been subjected to a certain temperature for a certain time, 
together of less intensity than might occur in the lifetime of a highly 
superheated steam turbine. The steel had quite obviously 
graphitised, and it was evident from that sample and from others 
that graphitisation of steel at superheated steam temperatures 
was a phenomenon which should be borne in mind, and was 
another possible mode of failure which apparently had not been 
considered by anyone so far. It was particularly interesting that 
the graphitisation, when it occurred under those conditions, 
might show a very definite trend along the crystal boundaries 
rather than within the crystals. The illustration revealed a 
definitely intercrystalline network of graphite. He was not 
sugzesting that that was the explanation of intercrystalline 
cracking ; he merely mentioned it to illustrate the point that 
other possible explanations of intercrystalline failure might exist, 
different in nature from that postulated by the authors. 

The only other point to which he desired té refer was with 
regard to spheroidisation. The authors said (p. 224) “ If spheroidi- 
sation is continued to completion, the iron carbide is aggregated 
into rounded globules, which have little stiffening effect on the 
continuous ferrite phase,” the inference being that steel was 
stiffened in the sense of resistance to creep mainly by the lamelle 
or globules of carbide. Just how far the stiffening was in fact 
due to the carbide was, he thought, an open question. He thought 
the behaviour of material under creep conditions was probably 
not related simply to the carbide—at least not to the carbide 
visible under the microscope. One could have a sample of steel 
with, say, an overheated structure in which the pearlite and the 
ferrite were very well defined in separate areas. Such a sample 
might have good cree” resistance, whilst the same steel with a 
hardened and tempered structure where the carbide was apparently 
more evenly dispersed might have a comparatively poor creep 
resistance. He felt, therefore, that that inference was not quite 
justified. 

Dr. C. H. Descu asked whether Mr. Benson could give the 
composition of the steel shown in Fig. A. 


Mr. Benson: Yes. It contained about 0-5 per cent. of carbon 
and 1 per cent. of cobalt, he thought, but he would confirm that. 
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Dr. Descu suggested that it was very different from the soft, 
low-carbon materials without any cobalt and nickel. 


Mr. Benson agreed, but added that he had found the same 
phenomenon in other steels as well, thouyh not, so far, in plain 
carbon steels. 





CORRESPONDENCE. 


Mr. J. A. Jones (Sheffield) wrote that anyone who had had 
experience in the microscopical examination of strained or frac- 
tured test-pieces would admire tbe diligence shown by the autbors, 
and they were to be congratulated on the quality of the large 
number of photomicrographs reproduced in the paper. The paper 
constituted a valuable contribution to the study of the prominent 
features of the changes which occurred in the structures of steels 
as a result of the application of stress within a wide range of 
temperature. 

The authors’ statements and observations were generally 
acceptable.. There were, however, certain items concerned with 
the results of the mechanical tests which seemed to require 
amplifying. 

It would be of considerable assistance, for purposes of com- 
parison with results obtained in the laboratories of the companies 
with which the writer was associated, if the rate of straining in 
the Amsler mac hine could be stated more precisely than “ a life 
of 2 to 3 min.’ 

It was interesting to note the observation made on p. 187 that 
steels of higher carbon content were not superior in creep resistance 
to. mild steel. Was this meant to be a general statement with 
regard to carbon content, applicable to any type of steel ?- White, 
Clark and Wilson dealt very fully with this question in a paper 
presented to the American Society for Metals, entitled ‘‘ Influence 
of Carbon Content on High-Temperature Properties of Steel ”’ and 
seemed to arrive at the conclusion that an increase in the carbon 
content increased the “ short-time strength ” but that the creep 
properties were more dependent on the condition of the carbide 
than on the actual carbon content. 

Turning to the results given in Table III. for steel NGK, it 
was extremely unfortunate that each one of the creep test-pieces 
tested at 450° C.. fractured. outside the gauge length. It was, 
therefore, important to know whether tbe authors’ statement with 
regacd to Jow ductility in this range was based on some other 
observations than low percentage elongation figures. It would 

appear from the figures for the reduction of area that the ductility 
of this steel compared favourably with that of the mild steel M 
tested at. the same temperature. 
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It was extremely desirable that they should know with reason- 
able certainty whether certain mild steels were susceptible to loss 
of ductility when subjected to stress at such an important tem- 
perature as 450° C., while other mild steels were immune. 

It would have added considerably to the value of this section 
of the paper if the suggested loss of ductility at 450° C. had been 
verified in steel NGK and an attempt made to discover the reason 
for an apparent difference in the behaviour of the two mild steels 
when tested at 450° C. 

Previous investigators had noted the loss of ductility at tem- 
peratures approaching the Ac, change, while the increase in 
tensile strength above the A, point had also been established. 
This effect was very clearly indicated for a stainless steel and for 
a high-carbon chromium-molybdenum steel, in a paper entitled 
(3 Choice of Steels for Motor Valves ” by Grard and Michel, First 
Congress on Aerial Safety, 1931. Similar results had been obtained 
for stainless steels in the writer’s own laboratories. The well- 
known superiority of the austenitic steels from the point of view 
of strength at high temperatures was naturally associated with 
the feature of the increase in tensile strength obtained at tem- 
peratures above the transition to the austenitic condition. 

It was interesting to note that in spite of a marked difference 
in strength between mild steel NGK and the Swedish iron at 
850° C.—4-67 and 1-55 tons per sq. in. respectively in the Amsler 
machine—the tensile strength, in the austenitic condition, at 
950° C. was identical for the two steels, while the value obtained 
at the same temperature for Armco iron was again approximately 
the same. 

The statement that Armco iron was the only material examined 
which was really prone to intercrystalline cracking was particu- 
larly interesting. Did the authors infer that material which was 
liable to fracture in this manner was unsuitable for service at an 
elevated temperature ? If such was the case, was it considered 
undesirable to introduce into steel for high-temperature service 
an element which had a stiffening effect on the ferrite alone and 
thus increased the liability to intercrystalline cracking ? 

Particularly interesting observations were made on p. 223 
regarding the slip observed in austenitic steels of the 18/8 type. 
Similar results had been noted in the writer’s own laboratory 
when determining the stress-time relationship in the Barr- 
Bardgett machines, by applying equal increments of strain at 
intervals of 1 min. and measuring the stress at the end of each 
interval. The diagram obtained by plotting the stress against 
time represented a stress-strain relationship for the material. In 
a test conducted at 500° C. it was found that after exceeding the 
elastic limit slipping occurred, and increased in amount as the 
strain increased. At certain stresses, slipping would take -place 
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suddenly, the resulting stress being less than that reached by the 
preceding increment. A similar test on the same material carried 
out at 600°C. resulted in a smooth curve with no indication of 
slip. It was interesting to note that in the test at 500°C., the 
slipping was accompanied by a sound similar to that produced by 
the fracture of a test specimen. The apparatus was particularly 
insensitive to vibration effects so far as stress was concerned. 

It would be interesting to know if the authors had observed 
this phenomenon to such a marked extent in other steels, and if 
there was a particular temperature at which the slipping ceased 
and their opinion of the significance of the phenomenon. 


Mr. J. H. WurrEetry (Consett) wrote that he considered the 
authors had contributed a very instructive and valuable paper. 
The degree of experimental skill and patience exhibited was 
deserving of high praise, as also was the excellent discussion of the 
results obtained. 

During the perusal of the paper a number of points had 
occurred to the writer, to some of which he wished to draw the 
authors’ attention. 

The first was the extraordinary difference between the tensile 
strengths of the two steels NGK and M, which certainly required 
explanation. It was, of course, a common experience in works 
practice that basic mild steel was somewhat softer than acid steel 
of similar analysis, but nat to the extent here shown. There was 
nothing in the analyses given to which this difference could be 
assigned. The nitrogen content of steel M was, the writer thought, 
abnormal. In acid steel it seldom exceeded 0-005 per cent., as 
Dr. Swinden had shown in the Sixth Report of the Heterogeneity 
Committee. That figure was quite in accord with numerous 
estimations he (the writer) had made from time to time. The 
sulphur content, on the other hand, was low for acid bar steel. 
As regards the analysis in general, it was surprising that in such a 
thorough examination the arsenic and tin contents were not 
included. 

He (Mr. Whiteley) found the authors’ observations on the rapid 
spheroidisation or divorce of pearlite in stressed material particu- 
larly interesting, especially as they were in agreement with some 
work he did on the subject many years ago. Inthat investigation 
the steels were deformed at room temperature and then heated, 
whereas the deformation in the present work was at the tempera- 
ture of heating. The effects, nevertheless, appeared to be the 
same in the two cases, and it could be concluded from the authors’ 
results that heavy cold-rolling at a black heat in a hot-rolling 
mill could start a similar modification of the pearlite. There was 
still scope for research, however, on the influence of the degree of 
stress, temperature, time, and size of pearlite lamelle on the speed 
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of spheroidisation. Were the authors quite certain that the 
marginal coalescence shown in Figs. 36 and 53 was not present in 
the steels before testing ? Such effects were frequently to be 
observed in steels which had been cooled at a moderate rate from 
above Ars. 

The formation of cavities in the stressed pieces at the higher 
temperatures was, he thought, remarkable, and it would be 
interesting to know whether these cavities could be detected in 
the polished specimens before etching. Did the authors observe 
any slow liberation of gases at these temperatures ? Finally, the 
statement was made in the summary that “ if spheroidisation is 
continued to completion, the iron carbide is aggregated into 
rounded globules, which have little stiffening effect on the con- 
tinuous ferrite phase.’ Such a conclusion was, he thought, not 
apparent from the tables and graphs given. These data showed 
that at 15°C. the tensile strength of the steel NGK was 25-4 
tons and the average strength of the Armco and Swedish irons 
was about £0 tons. Hence, it might be concluded that the carbon 
and manganese contents of this steel had increased its strength 
above that of ferrite by less than 30 per cent. With steel M the 
increase was about 40 per cent. Now at 550°C. ten-day creep 
test results show that the tensile strength of the two steels was 
over 50 per cent. greater than that of the two irons, and at 650° C. 
the percentage increase due to carbon and manganese was still 
as high as at room temperature. When the few short-time Amsler 
tests at these temperatures were examined similar figures were 
obtained, from which it would appear that the proportional 
increase in strength imparted by the carbon was not diminished 
at temperatures up to 650° C. 


Mr. A. B. WrxTerRBotToo (Trondheim, Norway) wrote that the 
mass of valuable data recorded in the paper would help very 
materially towards a fuller understanding of the mechanism of 
creep deformation and ultimate failure. In his opinion, however, 
the temptation to draw too comprehensive conclusions from tests 
in which the various factors had been rightly limited and con- 
trolled, should be avoided. For instance, the behaviour of Armco 
iron, the effect of accidental air leakage in the case of mild steel 
NGK and the surface effects in general seemed very significant. 
Surface phenomena might indeed be determinative under normal 
service conditions. It would, therefore, be useful to have informa- 
tion concerning the deformation and structural changes in the same 
materials when tested in air and/or steam ; or in the absence of 
precise data an oy:inion based on the authors’ experience. 

The reference to the use of X-rays in determining lattice 
strains suggested that such measurements made in the course of 
creep tests would enable the partition of the applied stress between 
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elastic and plastic strain to be continuously followed. Alterna- 
tively, if surface cracking and release of stress precluded such 
measurements the technique might still be of value as a sensitive 
means of detecting surface damage in creep and fatigue tests. 





AUTHORS’ REPLY. 


The AutHors, in reply to Mr. Benson, considered that internal 
strain was produced in material by either internal stress or 
externally applied stress. They did not wish to suggest an analogy 
between season-cracking and the form of cracking found in 
Armco ingot iron. In the paper, two instances of intercrystalline 
weakness were pointed out from the many in which this form of 
cracking was prevalent. 


The analogy to bricks and mortar had certain obvious objec- 
tions, but the term had sometimes been used for convenience. The 
‘“‘ mortar ’”’ was not necessarily weak, but the authors did suggest 
that the ‘“ mortar”’ was not strengthened by alloying elements 
to the same extent as was the material within the grains. 


The creep characteristics of Armco ingot iron appeared to be 
similar to those found in alloy steels, and, therefore, it was thought 
that these characteristics were due to the proportions of oxygen 
or other constituents which were present in greater amounts than 
those found in the other steels and irons. The average results of 
the oxygen analyses of the four materials used in this work were 
as followed: Armco ingot iron, 0-18 per cent.; Swedish iron, 
0-34 per cent.; mild steel, 0-014 per cent.; carbonyl iron, 
0-0019 per cent. Although Swedish iron had the highest oxygen 
content, it was known that much of that oxygen was present in 
the form of large slag streaks, whereas in Armco ingot iron the 
oxygen content was fairly evenly distributed, both in regard to 
slag particles and the high proportion of oxygen held in solid 
solution. The oxygen content of Armco iron had two effects on 
the material. It reduced the ductility at high temperatures and 
raised the recrystallisation temperature. 

The photomicrograph of a sample of cobalt steel was very 
interesting. It appeared unusual that graphite should be formed 
in a pearlite grain before the lamellar carbide had Spheroidised. 


It did not seem likely that graphitisation could be taken to 
be an explanation of intercrystalline failure in Armco ingot iron, 
because the carbon contents of the two samples tested were only 
0-016 and 0-022 per cent., respectively, and it was not to be 
expected that graphitisation would take place in irons of such 
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low carbon contents. It had been-found that graphitisation took 
place in some higher carbon steels—0-6 per cent. of carbon and 
above—during creep tests at temperatures as low as 550° C. 

Mr. Jones asked for further information on the rate of straining 
of short-time tensile test-pieces. No record of the actual rate of 
straining was taken, but an approximate value for the rate could 
be obtained from the elongations given in the tables and the 
duration of the various tests which were plotted logarithmically 
in Figs. 5, 6, 8, 10, 11, 13, 14, and 16. 

The statement on p. 187, that steels of a higher carbon content 
were not superior in creep resistance to mild steel, referred to 
carbon steels only and to temperatures of 550°C. and upwards. 
At temperatures up to 450°C., particularly at a high rate of 
strain, carbon did increase the creep strength of the material. 
The authors were in agreement with the conclusion of White: 
Clark, and Wilson quoted by Mr. Jones. The creep properties 
were more dependent on the condition of the carbide and the 
relation of the ferrite within the pearlite to the free ferrite in the 
neighbouring grains than on the actuai carbon content. 

No confirmation had been obtained of the low ductility of 
the mild steel NGK in creep tests at 450° C., but evidence had 
been obtained of a decreased ductility in notched-bar impact 
tests at room temperature of a mild steel which had commenced 
to spheroidise by treatment at 650°C. In the present work 
mild steel M did not show decreased ductility at 450° C. 

The increase in tensile strength obtained at temperatures 
above the A, point was found by Rosenhain and Humfrey,! who 
concluded “ that y-iron, as found in approximately pure iron at 
high temperatures, possesses the characteristic structure and 
properties found in the ‘ y-iron’ alloy steels.” 

In comparing the strengths of mild steel and Swedish iron at 
850° C. it was interesting to note that mild steel NGK had passed 
the upper critical point, and in the y condition had an ultimate 
tensile strength of 4-67 tons per sq. in. Swedish iron was still 
in the « condition at 850°C. and relatively weak, having an 
ultimate tensile strength of 1-55 tons per sq..in. 

The suitability of a material for service at a temperature 
range in which intercrystalline cracking occurred was likely to 
be a subject of considerable controversy in the future. It had 
been found that in such cases there was a definite relationship 
between the stress and time for this type of failure to occur. The 
service stresses likely to be adopted were low in éomparison with 
the stresses required to produce failure in test specimens at 
450°-550° C., and failure would occur only after a very con- 
siderable interval of time which was generally much in excess of 

1Rosenhain and Humfrey, Proceedings of the Royal Society, 1909, A. vol. 83, 
pp. 200-202. 











236 JENKINS AND MELLOR.—AUTHORS’ REPLY. 


the life of the part. At the moment the authors did not know 
of any alloying element which did not stiffen the material within 
the grains to a greater extent than the material in the vicinity 
of the grain boundary. 

The authors were interested to note the suddenness of the 
slip which occurred in the vicinity of the elastic limit in tests in 
the Barr-Bardgett machine. The phenomenon was most notice- 
able in 18/8 chromium-nickel steel, but it had not been observed 
in low-carbon steels and irons. 

The authors had no further remarks to add regarding the 
effect of carbon on the strength of the two steels M and NGK. 
As pointed out by Mr. Whiteley, the high nitrogen content of 
steel M might account for the difference. 

The marginal coalescence observed in Figs. 36 and 53 was not 
present in the original material as normalised in the form of 1-in. 
diam. bars. Presumably Mr. Whiteley referred to its occurrence 
possibly by slight spheroidisation, during the cooling of fairly 
large masses. 

The cavities formed in test-pieces stressed at the higher 
temperatures had been observed on polished sections in the 
unetched condition. Slow liberation of gas from the test-pieces 
had, in general, been noted, and at low temperatures, say, 400° C., 
this was liable to cause slight oxidation on the surface of test- 
pieces. No definite conclusions could be drawn from the present 
work regarding the strength of spheroidised material, but other 
work in progress at the National Physical Laboratory during the 
last four or five years showed that the rate of creep of spheroidised 
material was very much higher than‘that of normalised material 
for similar testing conditions. 

Mr. Whiteley’s analysis of creep and tensile test results did 
not disprove the authors’ conclusion that spheroidised carbide 
had little stiffening effect on the continuous ferrite phase. It 
should be noted that the manganese content of the mild steels 
was over 0-60 per cent., whilst that of the Swedish, Armco and 
carbonyl irons was below 0-035 per cent. The high manganese 
content of the mild steels probably led to a stiffening of the ferrite 
over a considerable range of temperature. 

The authors would like to thank Mr. Winterbottom for his 
interesting suggestions. At present they were not in a position 
to indicate the degree of alteration of structure of material tested 
in air and in steam, but tests in high-pressure steam were now being 
carried o t which should lead to information at a later date. 

















MORPHOLOGY OF THE INCLUSIONS IN 
SIDERURGICAL PRODUCTS: 


By Proressor A. M. PORTEVIN anp RENE CASTRO (Panis). 





ABSTRACT. 


In their introduction (Part I.) the authors draw attention to the value 
of the study of inclusions in tracing the previous history of the material 
in which such inclusions occur. They then go on to discuss microscope 
technique and chemical analysis, especially the information afforded 
by the latter, and in connection wth which they refer to the residue 
methods commonly employed. Then follows an indication of the 
extent to which the chemical and microscopic examination of inclusions 
may be made to reveal the history of the metal in the molten and plastic 
stages. 

in Part II. the authors describe, in detail, the morphological features 
of a number of inclusions found in samples of iron and of plain carbon 
steels. The materials investigated contained manganese, silicon and 
aluminium, either separately or together; in each case the type of 
inclusion exhibited when oxygen, or sulphur, or oxygen and sulphur 
together are present is discussed ; the characteristic appearance of a 
large number of such inclusions when examined under the microscope 
is dealt with, and suggestions are made as to their mode of origin. 


Part I.—INTRODUCTION. 


The problem of the non-metallic inclusions in metallurgical 
products is one that has always engaged the attention of metal- 
lurgists, but particularly so during the last few years. Hitherto 
it was thought that, in certain cases, these inclusions might be 
connected in some way with the quality of the metal. That is 
why, for more than a hundred years, investigators have worked 
on the problem in the endeavour to ascertain these relations 
and to determine, accurately, the constituents of non-metallic 
inclusions, especially sulphur and oxygen.? 

There is, however, another equally important factor connected 
with non-metallic inclusions, and to this less attention has been 
given. The authors refer to their connection with the history 
of the metal. The inclusions visible in a sample of metal are 
very often the manifestation of one or more phases of the process 
of manufacture, which suggests that they may be regarded as 

1 Received June 12, 1935. 

*Castro and Portevin, Revue de Meétallurgie, Mémoires, 1932, vol. 29, pp. 
414-421, 449-469, 492-506, 553-564. 
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internal slags. In certain cases, an examination of the inclusions 
in a metal, coupled with a knowledge of the complete chemical 
analysis and a microscopic examination of the elements of its 
structure, may enable the worker partially to retrace its previous 
history. To enable this to be done, however, it is necessary to 
trace the previous history of a number of particular cases, and 
observe the types of inclusions which most frequently accompany 
a particular method of manufacture. 

The present authors do not claim to break new ground or to 
exhaust such a vast subject as the present one. Attempts have 
already been made, in a limited number of cases, to outline the 
relation between non-metallic inclusions and the previous treat- 
ment of the metal; and, on the other hand, accounts—more 
or less complete—of the morphology of inclusions have been 
published. Frequently, however, the information afforded to 
metallurgists by such researches is incomplete, for several reasons : 
(1) Very often, inclusions have only been observed in “ synthetic ”’ 
castings, obtained by adding, to a small quantity of remelted 
metal, additions in bulk of substances which give rise to non- 
metallic inclusions in the melt. Although this method may be 
interesting and provide information on certain special points, 
it often leads the observer to study inclusions which differ appre- 
ciably from those actually found in practice. (2) Descriptions 
have very often been given of the aspects of inclusions in samples 
of refined metals whose exact history is unknown. In this case, 
the influence of the thermal and mechanical history of the metal 
is added to its chemical history, and this greatly increases the 
number of variable factors and makes them difficult to interpret. 
(3) Unfortunately, the published photographs have often been 
bad, or at least incomplete, in very many interesting cases, due 
either to unsatisfactory methods of reproducing the originals, 
or to the original prints themselves being unsatisfactory, because 
microphotographic technique is generally different and more 
delicate when dealing with inclusions than it is when reproducing 
the aspects of metallic constituents. 

In the present paper, the authors have endeavoured to show 
the reader a large number of characteristic types of inclusions, 
classified according to their probable nature, and they have tried 
as far as possible to show their probable mode of origin. 

In a previous paper (Castro and Portevin, loc. cit.), the authors 
briefly outlined the numerous methods of investigation necessary 
for a knowledge of inclusions. None of these methods can be 
regarded as really perfect at present, and it has been possible to 
utilise only a few of them successfully. These will now be briefly 
summarised. 

1 Portevin and Perrin, Journal of the Iron and Steel Institute, 1933, No. I. 
pp. 153-187. oie ns 

















INCLUSIONS IN SIDERURGICAL PRODUCTS. 239 


(1) Microscopic Examination. 


A.—According to several writers, the polishing of metal samples 
for the examination of inclusions calls for a very special technique 
—dry polishing—which is necessary to prevent portions of the 
structure from being torn away or stria forming due to the unequal 
hardness of the constituents that have to be polished. As a matter 
of fact, ordinary polishing (coarse-grinding on the grinding wheel 
or with emery paper, finish-polishing with two grades of a'umina) 
is just as suitable, provided (1) only used emery paper is employed ; 
(2) the specimens are not pressed too hard on the abrasive surfaces ; 
and (3) the specimens are finished off for a sufficient length of 
time with almost dry felt. 

The appearance of the photomicrographs accompanying this 
paper shows that this method is sufficient in the majority of cases. 

B.—Ordinary micrographic examination (and photography) 
at powers up to about 2,000 diam. was carried out in reflected 
light, using vertical glass plate illumination. The following 
methods were also utilised : 

(a) Slightly oblique illumination (prism), which enabled inter- 
esting information to be gleaned as to the relative relief of the 
several constituents of the inclusions. 

(b) Conical illumination by parabolic mirror (dark-ground 
illumination). This method of observation is very valuable 
because it permits of : 

(1) Revealing very fine inclusions which are practically 
invisible by direct observation (principle of the ultra- 
microscope). 

(2) Bringing out the degree of transparency and the true 
colour of the inclusions. 

(3) Examining the often complex internal structure of 
transparent or translucent inclusions—a structure which is 
sometimes invisible in reflected light. 

(c) Illumination by a narrow, centred pencil of light. Where 
coarse inclusions are being examined, it enables certain internal 
constituents to be distinguished which are otherwise not easily 
visible on account of retlection, diffraction and diffusion inside 
the translucent non-metallic substance. 

(d) A comparison between examinations made with dry 
high-power objectives and with immersion objectives affords a 
qualitative guide as to the reflectivities of the non-metallic 
compounds. Moreover, as regards certain semi-transparent 
inclusions of large dimensions (glasses crystallised to a greater 
or lesser extent), the immersion objective enables the observer 
to have between the actual interior of the inclusion and the 
objective, a medium of steady refractive index which enables 
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the internal elements to be examined simply by varying the 
focus, without being troubled by reflections from the polished 
surface. 

(e) Illumination in polarised light by reflection, between 
crossed nicol prisms. This methed of illumination, which is now 
being adopted to a greater extent, |» *» *» 4 supplies except for 
certain details, the same information as that afforded by dark- 
ground illumination with a conical mirror. It also enables the 
isotropy or the anisotropy of the constituents studied to be 
defined, even where they are opaque. At low powers, illumination 
by polarised light is not so bright as conical illumination ; but 
the reverse is true at high powers, as the short focal distance of 
the high-power objectives does not, in this case, enable the speci- 
men to be illuminated from the outside. Illumination by polarised 
light (Hoyt and Scheil, loc. cit.) also eliminates the troublesome 
reflections set up by the pits and the polishing marks, as well 
as the considerable diffraction and chromatic aberration at high 
powers in oblique light. However, the authors used dark-ground 
illumination in the majority of cases, reserving examinations 
in polarised light for special or delicate cases (double refraction, 
examinations with immersion objectives). 

C.—One other additional item of information as to the nature 
of the inclusions met with is afford d by etching the constituents 
of the inclusions ; but this only applies to a few cases, and only 
if the observer is very prudent and circumspect in interpreting 
the results.© This method was applied by the classic technique 
outlined by Wokrman® and by Campbell and Comstock.’ 


(2) Chemical Analysis. 


In addition to the total analysis of the metal, which forms 
a preliminary guide as to the nature of the inclusions which it 
may be expected to contain (although such an analysis is incom- 
plete, since certain elements such as oxygen, aluminium, calcium, 
&e., which act on the inclusions are rarely, if ever, determined) 
the ideal thing would te to have the chemical analysis of the 
actual inclusions. This, unfortunately, is impossible in the 
majority of cases because : 


1 Baeyertz, Transactions of the American Society for Metals, 1934, vol. 22 
pp. 625-634. 

® Hoyt and Scheil, Metals Technology, Technical Publication No. 567, Sept., 1934. 

3 Dayton, Metals Technology, Technical Fublication No. 593, Jan., 1935. 

“Urban and Chipman, Transactions of the American Society for Metals, 1935, 
vol. 23, Mar., pp. 93-112. : 

5Grant, Zransactions of the American Society for Steel Treating, 1931, 
vol. 19, pp. 165-181. 

© Wohrman, T'ransactions of the American Society for Steel Treating, 1928, 
vol. 14, pp. 81, 255, 385, 539. 

7Campbell and Comstock, American Society for Testing Materials, 1923, 
vol. 23, Part I. p. 521. 
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(1) The influence of the chemical methods of separating the 
inclusions—what are called “residue methods ’’—admit of such 
analysis in a few cases only, which are limited (a) by the nature 
of the metal (refractoriness, the presence of structural elements 
contaminating the reacting residues), and (b) by the nature of 
the inclusions (constituents more or less affected by the reagent 
used). 

(2) Even with a knowledge of one or more methods which 
enable the inclusions in steel to be isolated and analysed in every 
case, it often happens that the inclusions are of several types, 
or very complex. In that case, the analysis only gives the general 
composition of the inclusions in the test sample, and not the 
composition of each of the structural elements. The information 
supplied by analysing the residue is therefore incomplete, and 
similar to that furnished by the general analysis of a natural 
rock containing several constituents, for the purpose of studying 
it. 

The authors have used the residue analysis method in only 
a limited number of cases where the following conditions were 
combined: (1) The presence of a single type of inclusion in the 
metal ; and (2) where the inclusions were impervious to the usual 
isolating reagents such as HCl, Cl., Fel, (Castro and Portevin, 
loc. cit.). They have not yet used the electrolytic method' in 
cases where the metal was free from refractory structural elements 
(carbides of chromium, &c.). 

The method of analysis used is the microchemical method 
elaborated by Treje and Alber.2. This has proved very satis- 
factory, especially for determining alumina, as the ordinary 
methods are inaccurate in this case. 

In every case the authors determined the total oxygen by the 
carbon reduction methcd in vacuo (which has now attained a 
high degree of accuracy*), in order to ensure that the total oxygen 
determined was as near as possible to the oxygen combined with 
the metallic elements of the residue; and the results were not 
included unless they agreed in this way. 


(3) Knowledge of the History of the Metal. 


(a) Chemical History.—By this is meant the changes in the 
chemical composition of the metal in the course of manufacture. 
Whenever it can be done, it is obviously useful to connect the 
variation in the appearance of the inclusions observed in the 
samples of metal taken whilst steel is being manufactured, with 

1 Treje and Benedicks, Journal of the Iron and Steel Institute, 1933, No. II. 
pp. 205-236. 

2 Treje and Alber, Jernkontorets Annaler, 1933, vol. 117, pp. 457-473. 

3 Practical improvements recently made in the technique and apparatus 
will shortly be published by the present authors. 


1935—ii R 
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the variations in chemical composition caused by the additions 
made, or by other metallurgical operations. As a matter of fact, 
this knowledge may supply information that the chemical analysis 
is unable to do (quantity, method and period of adding deoxidants, 
for instance). Again, the identification of certain exogenous inclu- 
sions met with, and their study, call for information regarding 
the slags and refractories that have been in contact with the metal. 

(6) Mechanical and Thermal History.—The deformations 
which the metal undergoes in the solid or plastic state have a 
repercussion on the form of the inclusions. In this connection, 
the authors would like to call attention to the fact that a study 
of the genesis and structure of the inclusions can be made more 
easily and advantageously on metal as cast than it can on hot- 
worked metal. As a matter of fact, hot-working deforms the 
inclusions or breaks them up and makes their original appearance 
or their distribution unrecognisable. The heat treatment associated 
with hot-working may also cause the modification of certain 
structural elements. Whenever possible, therefore, it is advisable 
to examine the inclusions in metal as cast, and preferably in 
fairly large ingots, because, in that case, the inclusions are large 
(coalescence, &c.) and can be studied more easily. From this 
point of view, steelworks laboratories are better situated than 
university, technical college or private laboratories, as it often 
happens that the latter have only a fragment of metal, often 
hot-worked, to go upon and do not know its true history. More- 
over, it is much easier to deal with special cases, which are often 
very instructive. 

Once the investigation has been made on metal as cast, the 
same metal can be rolled or forged, and the following information 
derived from a fresh examination : 

(1) The relation between the appearance before and after 
deformation. It should be noted that it is the appearance after 
deformation which is most often observed by the user. 

(2) Conclusions regarding certain physical properties of the 
inclusions, such as fragility or plasticity in terms of temperature 
of deformation, method of distribution, transformation of certain 
elements of the structure, &c. 


All this experimental data will then afford : 


(1) A knowledge, purely morphological and as complete as 
possible, of the types of inclusions met with. 

(2) Information regarding their probable nature. This 
information will be more or less complete according to the 
particular case dealt with. 

The methods of investigation employed enable the worker 
to say with greater certainty whether a particular inclusion contains 
silica, alumina or oxide of chromium, rather than to make state- 
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ments regarding the precise mineralogical character (fayalite, 
mullite, sillimanite, olivine, &c.) of the constituent observed. 
Any statements that may be made under this head are very 
often based mainly on hypothesis and are so difficult to verify— 
if they can be verified at all—that they cannot be admitted 
unreservedly, and caution is always necessary in making affirma- 
tions on this point. 

(3) Information regarding their mode of formation, which, 
in certain cases, enables the observer to go back to certain points 
in the history of the metal, where it is unknown. 

Since the classic researches of Benedicks and Léfquist,! it is 
usual to distinguish between endogenous (or native) inclusions 
(‘native slag grains’’), formed within the metal during its 
manufacture, &c., and exogenous (or allogenous) inclusions 
(** foreign slag grains’), arising either from the refractory materials 
or the slag brought into the metal, or from a mixture of the 
products of deoxidation with these substances. The study of 
the exogenous inclusions is a very delicate and complicated matter, 
due to the enormous variety of their conditions of formation. 
For the moment, only the endogenous inclusions will be con- 
sidered. As is known, it is chiefly oxygen and sulphur which 
are the main elements producing non-metallic inclusions in iron 
and iron alloys. Nitrogen and phosphorus form, with the metals, 
compounds whose characteristics, pretty much like those of the 
sarbides, more nearly approach the characteristics of metallic 
substances and may therefore be regarded as true structural 
elements of the alloy. Certain special nitrides, however, closely 
‘approach the non-metallic inclusions in appearance and properties, 
and these will receive mention at the end of this paper. 

The elements which promote inclusions are therefore mainly 
the metalloids oxygen and sulphur. The supporting elements 
with which sulphur and oxygen are combined to form non- 
metallic inclusions are iron and its various alloying or concomitant 
elements. Morphologically, the following distinction may be made : 

A.—tThe inclusions in iron, either with or without its usual 
concomitant elements, 7.e., manganese, silicon and aluminium, 
separately or simultaneously. 

B.—The inclusions in iron containing, besides the foregoing 
elements, special alloying elements (chromium, vanadium, 
titanium, &c.). 

Part JIJ.—Iron, Streets, anp ALLoys WirHout SPECIAL 
ELEMENTS. 

The non-metallic inclusions set up by the presence in steel, 
unalloyed or alloyed, of varying quantities of manganese, 

1 Benedicks and Léfquist: ‘‘ Non-Metallic Inclusions in Iron and Steel.”’ 
London. Chapman and Hall, 1930. 





TABLE I.—Analyses of the Samples Examined. 














Analyses. 

No Cc. Si. Mn. 8. os oO. Remarks. 

: % % % % % % 

1 0-080 | 0-010 | 0-080 | 0:016 0-070 | 4 kg. ingot as cast. Taken 
from a 15-ton electric 
furnace melt in process 
of manufacture. 

2 0-250 | 0-010 | 0-100 | 0°120 Electrolytic iron, melted in 
a 5 kg. H.-F. furnace, 
carburised and sul- 
phurised. 

3 0-035 | 0-010 | 0-130 | 0:°026 0-110 | 4 kg. ingot as cast, taken 
from a 15-ton electric 
furnace Melt during the 
course of a “ heat.” 

q 0°235 | 0:010 | 0-100 | 0-010 0-011 | Same remark as for No. 3. 

5 0-035 | 0-010 | 0°280 0-080 | Sample of basic Bessemer 
steel taken from the 
converter at the end of 
the after-blow period. 
Forged. 

6 0-120 | 0-010 | 0-310 | 0-032 0-060 | Same remark as for No. 3. 

7 0-055 | 0-020 | 0°800 | 0:015 | 0-010 | 0-030 | Same remark as for No. 3. 

8 0-155 | 0-010 | 1°20 0-020 500 kg. ingot of electric 
steel. Rolled. 

9 0-185 | 0-010 | 1-09 0°025 500 kg. electric steel ingot, 
as cast; 0:005 per cent. 
of aluminium added to 
the melt. 

10 3°5 2°45 1:80 0:045 | 0-050 | 0-007 | Hematite pig-iron. 

11 i-3 0:10 1°15 0-040 — of crop-end of ingot 
No. 9. 

12 0-030 | 0-495 | Traces 0-065 | Electrolytic iron melted in 
a 5 kg. H.-F. furnace, 
oxidised, silicon killed. 
As cast. 

13 0-035 | 0-115 | 0-100 0-050 | Same remark as for ingot 
No. 12. Metal highly 
superheated before cast- 
ing. As cast. 

14 0:040 | 0-710 | 0-615 0-054 | Same remark as for ingot 
No. 12. Addition of 
silico-manganese. Forged. 

15 0-120 | 0°350 | 0-390 | 0-022 | 0-010 | 0-009 | 500 kg. electric steel ingot, 
as cast. 

16 0:090 | 0-215 | 0-485 | 0-017 | 0-010 | 0°015 | 30 kg. electric steel ingot, 
as cast. 

‘ 

17 0°250 | 0°120 | 0-550 | 0-010 | 0-019 500 kg. electric steel ingot, 
as cast. 

18 0-085 | 0-210 | 0-495 | 0-017 | 0°010 500 kg. ingot. Same melt 
as No. 16. 

19 Same |Ingot |as No. |18. After rolling. 
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0°100 
0-120 


0-120 


1-10 


0:140 


0°290 


0-155 


0-065 


0-900 


0-185 


0-185 


Same 


0-190 


0°095 


0-080 


0-360 





0-060 | 0-040 


-020 | 0-450 


0-010 0-420 


0°125 0-550 


010 1°20 


0-020 0-020 


0-140 | 0-160 


0-210 | 0-250 


0-010 1-10 


“O10 1-00 


Ingot jas No. 


0-010 1-08 


0-210 | 0°510 


‘090 | 0°780 


© 


-095 | 0°740 


— 


-300 | 0°570 








0-170 


0-058 


0-040 


0-025 


)-016 


)-020 


0-090 


0-085 


0-016 


0:°020 


“020 


0-010 


| 
| 
} 





0-006 


0-035 


0-031 


0-060 


0-015 


0-018 





0-150 


0-005 


| Gallo-Roman wrought iron. 


Rimming open-hearth steel. 
Two-ton ingot, as cast. 


Same ingot as No. 21, but 
a different point. 


Austenitic manganese-steel 
casting. 


500 kg. electric steel ingct, 
rolled. 

500 kg. ingot as cast; 
0-050 per cent. of alu- 
minium added to melt. 


Same analysis as No. 8; 
0-020 per cent. of alu- 
minium added. Rolled. 


5 kg. melt made in H.-F. 
furnace; 0-4 per cent. 
aluminium added after 
over-oxidation and before 
pouring. As cast. 


Same remark as for ingot 
No. 27. Metal not over- 
oxidised. As cast. 


Same remark as for No. 3. 


500 kg. electric steel ingot, 
as cast; 0-005 per cent. 
aluminium added to the 
melt. Same melt as 
No. 9. 


Same melt as ingot No. 9; 
0-010 per cent. of alu- 
minium added. Rolled. 


After rolling. 


500 kg. ingot; 0°-010 per 
cent. of aluminium added 
to the melt. Rolled. 


Same melt as No. 18 with 
the addition of 0-010 per 
cent. of aluminium. As 
cast. 





500 kg. ingot, as cast; 
0-02 per cent. of alu- 
minium added. 


500 kg. ingot, as cast; 
0-050 per cent. of alu- 
minium added to the 
melt. 


4 kg. ingot taken from an 
electric furnace before 
pouring a 15-ton melt. 
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sulphur and oxygen, are not very numerous, are fairly simple 
and, hence, well known. The reader is referred on this point to 
the works of Wohrman (loc. cit.), and to the more recent papers 
of Benedicks and Léfquist (loc. cit.), and of Léfquist.1 It seems 
difficult to add anything new on this point. However, for the 
sake of completeness, a few examples of these inclusions will be 
briefly described. The analyses of the samples examined are set 


forth in Table I. 


A. Iron Alone. 


(1) In the Presence of Oxygen.—The only phase met with in 
iron in actual practice which contains only very small quantities 
of concomitant or alloying elements, and especially manganese, 
is, in the absence of sulphur, the oxide of iron FeO. For this 
reason, this particular phase is rarely observed, or at least only 
in isolated cases, in the industrial grades of iron. The oxide FeO 
is visible in the samples of oxidised metal taken from steel furnaces, 
when the bath is refined to a sufficient extent to prevent the 
remaining carbon from reducing it completely during solidification. 
This oxide may, however, be met with, generally associated with 
the double oxide of iron and manganese or with sulphides, in the 
middle region of ingots of rimming steel. 


In the metal as cast, the oxide FeO occurs in the form of 
rounded grains a few microns in diameter, and of rather dark 
greyish-brown colour (Fig. 1, Plate XXXIX.). Examined by 
conical illumination (Fig. 2) and at high magnifications, these 
grains appear perfectly opaque. Immersion in cedar-wood oil 
considerably reduces their reflecting power. They are generally 
distributed anyhow, except in certain special cases where they 
seem to have been forced to the boundaries of the primary crystals 
and to have a vaguely eutectic character. This fact would appear 
to show—and it agrees with the results of solubility determinations 
hitherto made—that FeO segregates to a considerable extent 
from the liquid mass at the moment of solidification. 

(2) In the Presence of Sulphur.—It is known that, in the 
presence of iron alone, sulphur gives rise to a sulphide of iron, 
FeS. This sulphide is light yellow ochre in colour and has a high 
reflecting power which is not diminished much by immersion 
in cedar-wood oil; it is very opaque, and is only found when the 
percentage of manganese in the metal is low (less than 0-1 per 
cent., according to Léfquist). As regards its form, it appears, 
when present in large quantities, in the form of a network at 
the joints of the metal grains, or else in irregular grains having 
more or less rounded contours. The arrangement of the sulphide 


1 Lolquist, Jernkontorets Annaler, 1933, vol. 117, pp. 49-111. 
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inclusions can be modified by heat treatment.!. When heated 
for 2 hr. at 1,250°C., a rolled billet containing 0-120 per cent. 
of sulphur exhibits a complete reorganisation in the orientation 
of the sulphides (Figs. 3 and 4), which assume a eutectic arrange- 
ment, due, probably, to the partial remelting of a very high- 
sulphur iron/sulphur alloy at the grain-boundaries. FeS 
also occurs, isolated, in certain unkilled steels, at the centre and 
the tops of the ingots. As with sulphides generally, it appears to 
precipitate in the interstices of the dendrites, at a low temperature 
and towards the end of the period of solidification. 

(3) In the Presence of Sulphur and Oxygen.—This is the case 
most frequently met with. In low-alloy iron containing oxygen 
and sulphur, FeS is often observed in association with FeO. 
In the liquid state, FeS and FeO are completely miscible and their 
mixtures solidify with the formation of a two-phase eutectic, 
the phases being rich in FeO and FeS respectively. For this 
reason, the inclusions associated with the sulphide and protoxide 
gencrally occur in the following forms: (a) Globules of FeO 
surrounded by a crescent of FeS/FeO aggregate of eutectic 
appearance (Fig. 5); (b) globules of FeS surrounded by a eutectic 
FeS/FeO aggregate (Fig. 6); (¢) globules of eutcectiform FeS/FeO 
aggregate. 

B. Lron and Manganese. 

(1) In the Presence of Oxygen.—The addition of even slight 
quantities of manganese to oxidised iron has the effect of modifying 
the colour and transparency of the protoxide inclusions, which 
retain the same shape, although often slightly more irregular 
(Fig. 7). The non-metallic phase actually turns darker, passing 
from greyish-brown to greyish-violet. A blood-red reflection is 
also noticed in the centre of the coarsest inclusions, especially 
under oil-immersed magnification. With dark-ground illumination 
(Fig. 8), the inclusions appear transparent, being red with orange 
reflections. Since this transparency becomes more pronounced 
with increase in the percentage of manganese, it seems logical 
to deduce the presence of a solid solution of MnO in FeO, with 
increasing MnO contents, in accordance with the FeO/MnO 
diagram.? This phase* (Fe, Mn)O is often met with in the form 
of very fine lines at the grain boundaries (Fig. 9, Plate XL.), or 
else as a eutectic mass (Fig. 10). With relatively high percentages 
of manganese (of the order of 1 per cent.), the double oxide 
becomes still darker and changes shape, becoming irregular and, 
in certain cases, markedly dendritic (Figs. 11, 12, 13 and 14). 

1See, recently, Niedenthal and Bennek, Archiv fiir das EHisenhtittenwesen 
1933-34, vol. 7, p. 683. 

2 Andrew, Maddocks and Howat, Journal of the Iron and Steel Institute, 1931, 


No. II. pp. 283 and 309. 
3 See Benedicks and L6fquist, Joc. cit. 
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This form of crystallisation indicates that the non-metallic phase 
has been deposited in the solid state in the liquid metal. The 
conditions under which the double oxides of iron and manganese 
form have been specially studied by Korber.!_ The transparency 
of this phase (dark-ground or immersion objective) remains high 
and its colour changes to yellowish-green or green. 

It is generally admitted that this phase of true green colour 
is formed by MnO containing very little FeO in solid solution 
(Léfquist, loc. cit.). This hypothesis is very probable, as MnO 
is green in the free state, and the authors have also met with this 
same phase in refined ferro-manganese. However, they have 
not been able to observe the simultaneous presence of red (Fe, Mn)O 
and green (Mn, Fe)O in one and the same inclusion, such as other 
writers have reported. The separation of these two phases in 
the same inclusion also seems to conflict with the appearance 
of the FeO/MnO diagram (Andrew, Maddocks and Howat, 
loc. cit.), which exhibits a continuous solid solution from FeO 
to MnO. 

MnO also seems capable of assuming a very divided form 
(Figs. 15 and 16); nor is it rare to find a kind of halo of tiny 
green grains of this same phase surrounding a coarse inclusion 
of MnO and at acertain distance fom it (Kig. 17, Plate XLI.). 
Sometimes a ring of these tiny grains even surrounds an empty 
space in which there are no inclusions, slight re-grinding followed 
by re-polishing causing an inclusion to appear underneath, when 
the halo assumes a roughly spherical shape. The origin of this 
curious distribution, which is also found with the silicates and 
the sulphides, seems difficult to interpret. Examples of this will 
again be mentioned when dealing with silicate inclusions (Figs. 
37 and 39, Plate XLIII.). When the MnO inclusions are com- 
paratively thin and intersected obliquely by the polished surface, 
the transparency of the inclusions causes interference fringes to 
appear which, in certain cases, have enabled the refractive index 
of this phase to be measured.? Fig. 18 shows an example of 
this type of thing. 


(2) In the Presence of Sulphur.—According to Vogel and 
Baur,* FeS has a very low solvent power for manganese sulphide. 
Mn§, on the contrary, is capable of dissolving sulphide of iron in 
considerable quantity (55 per cent.). As a matter of fact, when 
small quantities of manganese are added to the metal bath, or 
in the presence of small quantities of manganese in steel containing 
a high percentage of sulphur, a second phase is observed alongside 
the bright yellow ochre FeS phase. This second phase is scarcely 

1 Koérber, Stahl und Eisen, 1932, vol. 52, pp. 133-144. 

2 Benedicks and Lofquist, Jernkontorets Annaler, 1933, vol. 117, pp. 443-456. 


5 Vogel and Baur, Archiv filr das LHisenhiittenwesen, 1932-33, vol. 6, pp. 
495-500. 
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any darker, being light greyish-blue in colour. It is probably 
VnS saturated with FeS (Fig. 19). Whereas FeS is relatively 
brittle and exhibits polish’ng pits, this new sulphide is more 
plastic and can be polished better. Ifthe percentage of manganese 
is sufficicnt (about 0-2 per ccnt.), the FeS phase disappears, to be 
replaced by this double sulphide. Unlike iron sulphide, it is 
practically never met with as a network at the grain boundaries, 
which suggests that this property partly accounts for the effect of 
the diminution in the red-shortness of iron desulphurised by the 
addition of manganese. (The study of the malleability of nickel 
leads to similar conclusions as regards the influence of sulphur, 
magnesium and manganese). 

At relatively low manganese contents, this sulphide is opaque 
and light coloured. As the percentage of manganese in the steel 
increases, it becomes darker, assuming the characteristic dove- 
grey colour. At the same time, it acquires a certain transparency 
(Benedicks and Léfquist, loc. cit.) (Fig 20) and a true yellowish- 
green to green colour, similar to that of (Mn, Fe)O, but remains 
more opaque than this oxide. 

It should be noted that MnS is not always present in the 
rounded and more or less irregular form. When present alone, 
it may also assume the following forms: 

(a) A eutectic, similar to that already observed for FeS 
(Fig. 21) (in the vicinity of the discard of large high-manganese 
ingots). Accord'ng to Vogel and Baur (loc. cit.), this mode of 
occurrcnce would be equivalent to a peritectic transformation, a 
liquid Fe/Mn phase containing sulphur in solution giving rise, on 
cooling, to another solid Fe/Mn phase containing less sulphur, 
and to droplets of a (Mn, Fe)S-r.ch phase which deposit, as 
formed, at the surface of the metallic crystals in process of 
growth. This phenomenon would also seem to be connected 
with a frequent form of coarse globules of sulphide, already 
referred to (Wohrman, loc. cit.) and which contain a secondary 
metallic inclusion inside them (Fig. 22). 

(6) A crystallised form. The melting point of pure MnS is 
round about 1,600° C.—roughly the same as that of iron. If 
the melting point of the latter is considerably lowered—say, by 
the addition of carbon—Mn§S or even (Mn, Fe)S will tend to 
precipitate in the sol:d state. This phenomenon is observed in 
cast irons and also in carbon-steel ingots to which wood charcoal 
has been added immediately after being cast, as they are thcreby 
highly carburised and also enriched in sulphur by segregation. 
In the first case, a precipitation of (Mn, Fe)S in crystals (Fig. 23) 
has been observed, and in the second case, a precipitation in the 
form of very fine dendrites (Fig. 24, Plate XLII.). Sulphide 
dendrites may also be observed in cast iron. 
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(3) Oxygen and Sulphur.—It is easy to see that slight additions 
of manganese to oxidised and slightly sulphurised iron cause 
the disappearance of a substantial part of the FeS/FeO eutectic 
border which otherwise nearly always exists around the globules 
of FeO. This can be interpreted by examining the pure MnO/MnS 
diagram. Actually, these two substances have a fairly appreciable 
mutual solubility, and it is probable that the addition of manganese 
to the FeO/FeS mixtures causes a little sulphide to go into 
solution again in the oxides, and vice versa. 

The fine MnO/MnS eutectic can be observed comparatively 
seldom (Figs. 25, 26 and 27); but the MnO/MnS mixture (or, 
rather, (Mn, Fe)O/(Mn, Fe)S) is met with in the form of globules 
of oxide containing a few grains of sulphide (Figs. 28 and 29). 


C. Iron and Silicon. 


In the presence of variable relative proportions of silicon and 
oxygen, it ought to be possible to retain in steels the inclusions 
belonging to the SiO,/FeO series. As a matter of fact, it is difficult 
to do so in industrial steels and alloys, owing to the almost in- 
variable presence of sufficient quantities of manganese to ensure 
that the inclusions observed nearly always contain more or less MnO. 

It has been possible to study inclusions of silicate of iron 
alone! in light castings specially prepared for this purpose, or 
in samples taken from steelworks furnaces. The authors prefer 
to study directly the most general case of inclusions set up by 
sulphur and oxygen in the presence of manganese and silicon, 
as such investigation can be carried out on large ingots from current 
production and, hence, on coarser inclusions. And, as will be 
seen, from the strictly morphological point of view, MnO and 
FeO exhibit very similar properties in the presence of SiO,, and 
the appearance of iron silicate and manganese silicate inclusions 
does not differ appreciably from the iron silicate inclusions already 
described. 


D. TLron, Silicon and Manganese. 

(1) In the Presence of Oxygen.—The silicates of iron and 
manganese are met with in practically all the ordinary carbon 
steels that have not becn deoxidised by aluminium or aluminium 
alloys. This class of inclusions will be studied by proceeding 
from the more acid to the more basic types. 

A study of the deoxidation of iron by silicon and by manganese 
has led Koérber and Oelscn? to bclicve that, in the abscnee of 

1Herty and Fitterer, Mining and Metallurgical Investigations, 1928, Co- 
operative Bulletin No. 36; see also, Herty, Christopher and Stewart, Mining and 
Metallurgical Investigations, 1930, Co-operative Bulletin No. 38. 


2?Korber and O6celsen, Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir 
Eisenforschung, 1933, vol. 15, pp. 271-309. 
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manganese, slight additions of silicon induced the precipitation 
of solid silica, which, actually, is undercooled and in the vitreous 
state. The authors have found the same result in castings of 
low weight (4 kg.) made in the high-frequency furnace, and, 
a fortiori, for the higher percentages of silicon. By way of example, 
they remelted and oxidised electrolytic iron, then added 0-5 per 
cent. of silicon to it. When the metal was cast into a 4-kg. ingot, 
the total oxygen determination gave : 


At the top: Oxygen, 0-061;, 0-054, per cent. 
In the middle : re 0-066,, 0-067, per cent. 
At the bottom : ai 0-065,, 0-065,, 0-062, 0-067, per cent. 


which shows that the oxygen is very evenly distributed. 

The silica contents, determined by volatilising with chlorine, 
correspond to oxygen = 0-051, and 0-053, per cent., and by 
dissolving in dilute hydrochleric acid to 0-056, and 0-050,, which 
shows that the inclusions are composed almost entirely of silica. 

A microscopic examination reveals spherical globules of 
variable dimensions fluctuating between one (Fig. 30) and one 
hundred microns (Fig. 31), whose appearance is well-known and 
has often been described. They are very transparent, colourless, 
or slightly yellowish (Fig. 32), and, in polarised light, exhibit 
the black cross phenomenon (Fig. 33) (Hoyt and Scheil, loc. cit.). 
This latter appearance is not peculiar to vitreous silica, but to 
all the spherical transparent inclusions, and is probably due to 
the convergence of the polarised light reflected on the bright 
ground of the inclusion (Dayton, loc. cit.). In the vast majority 
of cases, these globules of silica are separate, but the authors 
have been able to confirm their partial coalescence in metal cast 
very hot and highly oxidised (Fig. 34, Plate XLIII.). (The 
residue analysis shows that these inclusions are composed of 
almost pure silica.) 

Inclusions of amorphous silica are not very malleable (Fig. 35), 
and are only slightly deformed, if at all, by rolling. 

With high percentages of silicon and average or low percentages 
of manganese, the products of deoxidation are always rich in 
silica. However, a certain quantity of manganese and iron goes 
into solution in the non-metallic substance, in which case acid 
silicates of iron and manganese occur. For instance, an iron melt 
containing 0:72 per cent. of added silicon and 0-615 per cent. 
of added manganese, and averaging 0-054 per cent. of oxygen 
(vacuum melting method) gave a residue of the following analysis 
when attacked by chlorine : 
Total 


Oxygen due Oxygen due Oxygen due Oxygen of 


to SiU,. Si0,. % toreO. FeO. % MaO. MnO. % __ the Residue. 


No.1 . 0-048, 77°6 0-002, 11-0 0-003, 11-4 0-054, 
No.2 . 0-047, 76°7 0-002, 1i-3 0-003, 12-0 0-052, 
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In this case, these inclusions differ very little in appearance 
from the silica inclusions, being always small, transparent and 
refracting globules. According to the SiO,/MnO/FeO diagram 
published by Kérber and Oelsen (loc. cit.), when they contain 
more than £0 per cent. SiO, the liquid solutions of silicates of 
iron and of manganese ought to precipitate solid silica at about 
1,600°-1,550° C. on cooling. As a matter of fact, the inclusions 
in the example selected are of small dimensions, and the rapid 
cooling prevents their coalescence, for which reason the number 
of nuclei of crystallisation is small, and the non-metallic substance 
tends more easily to remain vitreous, 7.e., undercooled, the higher 
the percentage of silica. 

Although, in this example, the inclusions all have the same 
appearance, the composition of the different globules is by no 
means the same. As a matter of fact, the additions of manganese 
and silicon were made separately. As regards the silicon, Kérber 
and Oelsen have very clearly suggested that high local concen- 
trations of silicon must cause almost pure silica inclusions to 
precipitate around the particles of added ferro-silicon, whereas 
silicates that are clearly more basic can precipitate in the region 
where the silicon concentration is lower owing to diffusion not 
taking place instantly. How, then, is one to distinguish between 
vitreous silica and the basic silicates, as these inclusions, when 
small, and in the as-cast metal, have a very similar appearance ? 
This can be done by examining them after forging or rolling. The 
basic silicates (containing less than approx. 50 per cent. of silica) 
are very malleable, as shown in Fig. 35, which depicts side by side, 
after the experimental ingot has been forged, an inclusion of 
silica that is probably almost pure and which is scarcely deformed 
at all, and a very elongated inclusion of basic silicate. 

The analysis given above is certainly only an average general 
analysis. The same remark applies to large-sized ingots. As a 
matter of fact, when samples are taken from steelworks furnaces, 
the presence of small globules of silica can frequently be detected 
in the metal even a long time after ferro-silicon has been added. 
The explanation for this is that these inclusions have a high 
viscosity and a low capacity of coalescence, and they enter into 
equilibrium with the bath more slowly than the more basic and 
fluid inclusions do. It is, therefore, fairly safe to say that, every 
time small, vitreous and only slightly deformed globules are met 
with in rolled metal, an addition of ferro-silicon has been made 
to the metal during the process of melting, and probably towards 
the end. 

The inclusions of silicates of iron and manganese met with 
in ingots of average dimensions (500 kg. and 2 metric tons) alter 
their appearance when the percentage of silicon in the metal 
is no longer so high, compared with the percentage of manganese 











INCLUSIONS IN SIDERURGICAL PRODUCTS. 253 


for a given percentage of oxygen, and especially when the deoxi- 
dation has been effected with silico-manganese. From being 
perfectly transparent and appearing black in reflected light 
with a bright point in the centre and a bright annular reflection, 
they turn a dark greyish-violet and are translucent (Fig. 36). 
Their true colour is amber yellow. As already indicated, they 
are very malleable as compared with silica inclusions, and they 
also possess a strong coalescing power, and hence separate readily. 
Frequently, accumulations of them are found round about the 
discard of large ingots, and certain of them may attain dimensions 
up to a millimetre. The mechanism of this coalescence is still 
somewhat obscure ; it may be caused either by diffusion between 
two immediately adjacent inclusions, in which case the non- 
metallic substance must be to a certain extent soluble in the metal 
which surrounds it at the temperature involved; or, as Herty 
and. Fittcrer! state in a preliminary investigation on deoxidation 
by ferro-manganese, it may be caused by the relative surface 
tensions of the inclusions present. (This réle of the surface tension 
in the coalescence and elimination of the inclusions during deoxi- 
dation by manganese had already been mentioned previously by 
one of the present authors.?) In their paper Herty and Fitterer 
included a photo-micrograph—unfortunately badly reprodueed— 
representing a large inclusion of silicate of iron and manganese, 
surrounded by numerous small inclusions. Fig. 37 and Fig. 38 
at a higher magnification show a translucent silicate surrounded 
by inclusions of this kind. Reference to Fig. 39 will show that 
they may be very small, and appreciably less than 1 micron in 
size. It has even been possible in certain cases to catch the 
moment of this coalescence by agglutination (Fig. 40; sce also 
Fig. 37), which would militate in favour of this latter hypothesis. 
Devitrification, at least to a partial extent, is often observed 
in the silicates of iron and manganese. This devitrification, 
which was observed first of all in acid slags and which Whiteley 
and Hallimond? were among the first to mention, takes place 
in the form of a precipitation of very special structure which 
the majority of authors agree in identifying with solid silica.‘ 
When this precipitation is fine (Andrew, Maddocks and Howat, 
loc. cit.), it has the appearance of a multitude of small globules 
(Fig. 41, Plate XLIV.) with often slightly angular contours, and 
darker than the translucent ground of the inclusion. In a more 


1 Herty and Fitterer, United States Bureau of Mines, 1931, Report No. 3081. 

2 Portevin, Journal of the Iron and Steel Institute, 1923, No. If. p. 53. 

3 Whiteley and Hallimond, Journal of the Iron and Steel Institute, 1919, No. I. 
pp. 199-253. 

* After this research was completed, a paper was published by Urban and 
Chipman (loc. cit.), in which these two authors are said to have been able, by 
refractive index measurements, to identify this precipitated constituent with 
cristobalite 
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advanced state of development, these globules assume the very 
characteristic ‘‘ rosette’ formation, or a stellate formation 
proceeding from a centre, like the globulites of the mincralogists 
(Fig. 42). These “ rosettes’? may be the microscopic stage in 
the devitrification of certain glasses. On a macroscopic scale, 
the rosettes are observed in the form of spherulites, being of 
similar structure, but having the radiating elements linked up 
instead of being mostly independent as in the case which is now 
being dealt with. These rosettes do not seem to be very refractive, 
and they have a lower reflecting power than the ground-mass, 
which makes them appear darker than the latter in reflected 
light, especially at low powers. If the ground-mass is translucent 
enough (Fig. 42), or, rather, if the inclusion be partially illuminated 
by diffraction, by means of a narrow eccentric penc¢il of light 
(Fig. 43), the shape of these rosettes in space can be very clearly 
distinguished. Examination with immersion objectives and dark- 
ground illumination does not give very good results, owing to 
the refracting powers of the two constituents differing very little 
from each other (see also Figs. 50 and 51, Plate XLV.). The 
rosettes may be of different shape. In the majority of small 
inclusions in which they are present, they take the form of coarsely | 
segmented globules (Fig. 46) ; whereas, in certain large inclusions, 
they often tend to assume a markedly crystalline appearance 
(Fig. 47). Varieties of different appearance may often be met 
with side by side. Figs. 48 and 49, for instance, show the juxta- 
position of a vitreous inclusion, a finely precipitated inclusion, 
and a “rosette ’’ inclusion. 

The ground constituent can be slightly etched by alkaline 
sodium picrate, but the rosettes cannot (Figs. 44 and 45). This 
constituent is generally vitreous, but only in a few cases have 
the authors been able to observe its crystallisation.1 In certain 
“rosette ” silicates, the ground constituent is more opaque, and 
light violet in colour. In reflected light, and when examined 
under a high-power dry objective, it appears heterogeneous 
(Fig. 50). Examination with an oil-immersion objective reveals 
& finely eutectiform complex structure (Fig. 51). In the case of 
pure silicates of iron, without manganese (Herty and Fitterer, 
loc. cit.), and in agreement with the SiO,/FeO diagram, Herty has 
already observed similar structures, which are said to be equivalent 
to a silica/iron-silicate eutectic. The phenomena must be modified 
by the presence of manganese, but that does not rule out the 
possibility of this particular structure being a eutectic of silica 
and a double orthosilicate of iron and manganese, although it 
is, of course, impossible to be certain on this point. 

The mean composition of these silicates has been ascertained 

1 Urban and Chipman, in the paper previously mentioned, were able, though 
not in every case, to cause devitrification of the ground-mass by suitable annealing. 
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(by the chlorine method) on a large number of similar samples 
and has given SiO, varying between 45 and 60 per cent. and 
between 15 and 30 per cent. MnO, the remainder being FeO. 
These silicates are still resistant enough to the action of chlorine 
to enable them to be separated by this method, but this com- 
position seems to be a lower limit, because, in the case of certain 
analyses, the oxygen of the residue tends to be lower than the 
total oxygen as determined by melting in vacuo. 

As regards malleability, it has been seen that the moderately 
basic vitreous silicates were much more malleable than vitreous 
silica, and the same remark applies to the “ rosette ”’ silicates, 
although the heterogeneity of their structure affects their form 
after rolling. Fig. 52 (Plate XLVI.) shows the appearance of one 
of these inclusions after being rolled; its contours are more 
irregular and the silica rosettes it contains are considerably 
deformed. This example clearly demonstrates the advantage 
of studying the initial structure in the metal as cast. 

It is somewhat rare to find, in industrial steels, more basic 
silicate inclusions in which the protoxides FeO and MnO are the 
main elements. Two examples of such inclusions are given : 

(1) In wrought iron, which usually contains very little man- 
ganese, silicate inclusions which are not entirely expelled by the 
forging are frequently met with in the mass. These inclusions, 
which are very basic, have recently also been mentioned by 
Loéfquist (loc. cit.). They are formed by a slightly translucent 
ground-mass of very fine microcrystalline structure, probably 
eutectic, and which is difficult to resolve even at high powers (Fig. 
53). In this mass are frequently found very well shaped dendrites 
of greyish-brown iron oxide, which are formed subsequent to 
the mechanical working of the metal, since they are not deformed. 
When examined between crossed nicol prisms (Fig. 54), the elements 
of the ground-mass appear to be crystallised into lamellar groups 
of yellowish-green colour which do not exhibit double refraction. 
The ferrous oxide appears completely opaque and optically in- 
active. According to the FeO/SiO, diagram, this ground- 
mass ought to be constituted by the eutectic FeO/2FeO.Si0, 
(ferrous oxide/fayalite). 

(2) In a very mild unkilled steel containing very little silicon 
as compared with relatively high manganese and oxygen, a large 
number of globular inclusions of the type shown in Fig. 55 have 
been found. The ground-mass is also finely eutectic; the primary 
constituent segregated is (Fe, Mn)O of true reddish-brown colour. 
A third constituent—a sulphide—is also visible, and reference 
will be made to this later on. 

(2) In the Presence of Sulphur, and (3) In the Presence of 
Sulphur and Oxygen —In the absence of oxides, the relative 
percentages of sulphur and manganese alone govern the appearance 
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of the sulphides met with, as the silicon content does not appear 
to play any part. 

The phenomena are different when oxygen is present, in 
sufficient quantities, as a supplementary element ; sulphides and 
silicates may actually be present in the same metal, either 
separately or in association. 

The researches carried out on the equilibrium diagrams of 
silicates/sulphides of iron and manganese, especially the recent 
work done in Great Britain by J. H. Andrew and his collaborators,! 
and in Soviet Russia by Ginzberg and his collaborators,? have 
established the following facts : 

(a) In the liquid state, silicates and sulphides give liquid solutions, either 
homogeneous throughout the series! (MnS/Mn0O.SiO., MnS/2FeO.SiO,), or 
exhibiting a miscibility gap in a certain region? (FeS/MnO.SiO, and FeS/ 
2FeO.Si0,). 

(6) At solidification and at the equilibrium point, there is a sulphide. 
silicate eutectic for each of the systems mentioned. 

(c) In the solid state, each of these phases is capable of containing a certain 
quantity of the other in solid solution. 


It is possible to recognise, at least partially, structures whose 
appearance is connected with the properties just mentioned, 
when examining the mixed silicate-sulphide inclusions in steels 
containing silicon and manganese. 

(a) The best known appearance of the mixed silicate/sulphide 
inclusions is that of the inclusions which are termed ‘ duplex,” 
and of which Fig. 56 shows an example very clearly. Droplets 
of sulphide (Mn, Fe)S are irregularly arranged against the inside 
wall of a globular inclusion of vitreous silicate which, as may 
be seen by subsequent rolling (see Fig. 103, Plate LV.), is very 
malleable, and, hence, relatively basic. Similar droplets are also 
visible in the inclusion of Fig. 55. It is not difficult to account 
for a structure of this kind if it is assumed that, at the moment 
of its formation, the silicate inclusion was able to contain, in 
the liquid state and in solution, a certain quantity of sulphide 
which segregated while still in the liquid state, owing to the 
existence of a miscibility gap, during the period of cooling following 
its formation (Benedicks and Léfquist, lec. cit.) 

(b) The silicate/sulphide eutectics are rarely met with as 
constituent elements of the inclusions. Generally speaking, the 
mixed inclusions exhibit only two phases, which are clearly 
separated into relatively coarse elements. However, the authors 
have been able to identify these eutectics in a few cases : 

(1) An extra-mild steel, highly oxidised and manganiferous 
exhibited numerous inclusions having, at low powers, the structure 

1 Andrew, Maddocks and Fowler, Journal of the Iron and Steel Institute, 1931, 
No. II. pp. 295-325. 

® Ginzberg, Selivanow and Nikolsky, Journal of the Institute of Metals, U.S.S.R., 
1931, pp. 25-29 and 74-78. 
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shown in Fig. 57 (Plate XLVII.), i.c., a constituent of average 
greyish-violet colour, roughly globular in shape, surrounded by a 
ground-mass of the same tint, but darker. By dark-ground 
illumination (Fig. 58), the ground-mass constituent was light green 
and very transparent, whereas the separate constituent was more 
opaque and its true colour bottle green. The relative colours of 
the oxide and the sulphide of manganese, as well as their relative 
transparency would, on a superficial examination, have led the 
observer to identify them as globules of sulphide in a matrix of 
oxide. Examination with an oil-immersion objective, however, 
showed that the ground-mass had a fine-grained eutectic structure 
(Fig. 60), while even weak etching with a 10 per cent. aqueous 
solution of chromic acid (to bring out the sulphides of iron and 
manganese (Campbell and Comstock, loc. cit.) ) completely 
blackened the ground-mass (Fig. 57), whereas the light constituent 
was only dissolved by subsequently attacking it with a saturated 
solution of alcohol and stannous chloride (to bring out the oxides 
of iron and manganese). An examination of other similar inclu- 
sions by a narrow beam of light enabled the structure of the 
ground-mass to be defined, this being formed by small green 
globules which are more or less opaque and surrounded by a highly 
transparent vitreous mass (Fig. 61). Probably it is these tiny 
grains, consisting, very likely, of sulphide of manganese, which 
caused the apparent blackening of the ground-mass shown in 
Fig. 59, and probably the mass surrounding them is a vitreous basic 
silicate of manganese whose primary constituent is the protoxide, 
MnO. 

(2) ‘‘ Duplex ” inclusions of the type shown in Fig. 62 have 
been observed in a large ingot of unkilled mild steel, in a region 
particularly rich in sulphides. The phases present are : 

Manganese sulphide separated into very clearly defined 
clobules. Curiously enough, there appear to be two sulphide 
phases, (a) a light grey one present in large quantity, and (b) 
a dark grey one present in a lesser quantity ; both phases can 
be attacked by chromic acid, and are practically opaque. 

A constituent of lamellar structure and eutectic ground-mass, 
which may probably be a sulphide/silicate of iron and manganese 
eutectic. Examination in polarised light (Fig. 63) shows its relative 
transparency as compared with the primary segregated sulphides. 

(3) Mixed silicate/sulphide inclusions may frequently be 
found in 13 per cent. manganese steel for castings, which, compared 
with mild steels, contain a large percentage of sulphur. Fig. 64 
shows the appearance of a coarse inclusion met with in a casting. 
The primary dendritic constituent is pure sulphide of manganese, 
as it is probable that, in the presence of these percentages of 
manganese, the inclusion must contain only very little iron. 
The basic constituent, greenish-brown and more transparent 
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throughout (Fig. 65) has a lamellar orientation at low powers, 
and exhibits, under an immersion objective, a multitude of small 
globules of MnS in a mass of silicate. It is interesting to compare 
this appearance with the aspect of Figs. 43 and 44 from the research 
of Andrew, Maddocks and Fowler (loc. cit.), which, according to 
these writers, represents MnS in a matrix of eutectic 
MnS/Mn0O.SiO,. There is a great similarity in the structure. 

(c) Several writers agree that the silicate inclusions contain 
sulphide in solution and vice versa. From the morphological 
point of view, this hypothesis is usually not very important, 
since the associated sulphides and silicates of iron and manganese 
do not differ in appearance from (1) the silicates which may be 
met with in synthetic castings containing very little sulphur, 
and (2) the sulphides met with in castings of the same type and 
of very low silicon content. In this connection and in support 
of this hypothesis, the authors may merely mention a fact of 
everyday observation, which, however, has only a qualitative 
value. It is this: For the same percentage of sulphur as ascer- 
tained by analysis, a steel seems to exhibit, micrographically, more 
visible sulphides the more carbon it contains; the same applies 
when aluminium has been added to it. Actually, in the former 
case, the total oxygen is usually low ; while in the second case, as 
will be seen later on, the oxide inclusions consist of alumina. In 
both cases, the formation of silicates is prevented, and the sulphides 
remain out of solution. This is only supposition, of course, 
since it is equally possible that the aluminium and the carbon 
diminish the solubility of the sulphur in solid iron, and, as has 
been seen, this solubility does not seem to be negligible. 

The ‘duplex ”’ inclusions afford a means of assessing the 
relative malleability of their constituents. As may be seen from 
Fig. 67 (Plate XLVIII.), the basic vitreous silicates seem to be 
generally more malleable than the sulphides and are more drawn 
out than the latter by a moderate amount of hot-working. 


E. Iron (Manganese), and Aluminium. 


(1) In the Presence of Oxygen.—It is known that aluminium 
has a very great affinity for oxygen, with which it gives alumina. 
In ordinary carbon steels, even those containing manganese, if 
the quantity of aluminium added as a deoxidising agent is high 
compared with the state of oxidation of the metal, alumina forms 
almost exclusively. 

The alumina inclusions are most frequently present in the 
form of grains of small dimension (1 to 5 microns), either isolated, 
or else in the very characteristic form of clusters of very variable 
total dimensions (Figs. 68 and 69), which are elongated by rolling 

1 See, for instance, the recent paper by Chipman, T'’ransactions of the American 
Soctety for Metals, 1934, vol. 22, pp. 422-425. 
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(Figs. 70 and 71). These grains are transparent, irregular or 
roughly crystalline, colourless to violet-black in reflected light, 
and of true yellowish-white colour when examined by dark ground 
illumination. They are very refractive, difficult to polish because 
they are very hard (corindon), and are very often accompanied, 
in the direction of polishing, by a ‘“‘ comet’s tail” streak. A 
coarser and more irregular grain is occasionally met with among 
the small particles of alumina (Fig. 70). In all cases where 
these inclusions alone are observed, the total oxygen ascertained 
by melting in vacuo is found to be present as alumina in the 
residue left when they are attacked by dilute hydrochloric acid. 

The alumina inclusions do not always exhibit the same 
external appearance, as this probably depends on the conditions 
under which they are formed. 

Suppose solid metallic aluminium is added to a bath of steel 
which is normal as regards temperature and degree of oxidation. 
In the regions where the aluminium has a sufficiently high degree 
of concentration, the same phenomenon will occur as the one 
mentioned when dealing with silicon, except that it will be more 
pronounced owing to the affinity of aluminium for oxygen ; 
and the oxygen contained in the metal, say, in the form of FeO, 
will, in this region, be instantaneously converted into solid 
alumina, whose melting point is 2,050° C., or much higher than 
that of steel. This solid alumina has crystalline contours which 
are usually badly defined—and this is the form most generally 
met with. 

Suppose the steel is highly oxidised and superheated, and that 
there is only a small quantity of it ; let a considerable percentage 
of aluminium be added to it. The local rise of temperature, due 
to the heat of reaction, may be sufficient for the alumina to form 
in the liquid state. The following experiment proves this point : 
Electrolytic iron was melted in a high-frequency furnace, super- 
heated and super-oxidised (oxygen, 0-150 per cent. approx.), 
then 0-400 per cent. of aluminium was added to it. The alumina 
inclusions observed were very dense and numerous, and all of 
them had the globular vitreous appearance (Fig. 72, Plate XLIX.), 
which tends to prove that they formed in the liquid state. They 
seemed more refractive than the silica inclusions of the same 
size (ngio, = approx. 1-5; nai,o, = 1:77). Needless to say this 
form is rarely met with under practical conditions. 

Finally, alumina may be met with in the form of small and 
well-defined crystalline particles, although it is impossible to 
define the conditions which lead to these regular external shapes 
being obtained. 

(a) A melt of electrolytic iron containing a low percentage 
of oxygen (oxygen, 0-021 per cent.) was deoxidised, under the 
same conditions as above, by 0-400 per cent. of aluminium. The 
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inclusions observed frequently exhibited the crystalline appearance 
shown in Fig. 73. Observed in polarised light under crossed 
nicol prisms, the majority of these small crystals exhibit two 
badly defined positions of extinction, owing to their uneven 
thickness and the reflections from the ground-mass of the inclusions. 

(6) In a 4-kg. ingot taken from a steel furnace after aluminium 
was added (unalloyed carbon steel), the alumina inclusions were 
present in the form of particles crystallised into small rods and 
small crystals (Figs. 74 and 75) grouped together. The total 
oxygen as ascertained by vacuum melting was 0-005 per cent., 
and the oxygen of the residue obtained after treatment with 
hydrochloric acid, and composed solely of alumina, was 0-005,. 

What takes place when, to a metal containing only a small 
percentage of silicon, a quantity of aluminium is added which is 
small compared with the oxygen which it contains ? 

Certain writers, particularly Herty and his collaborators,} 
in their research on deoxidation by aluminium, and Léfquist 
(loc. cit.) have, in this connection, mentioned the existence of 
inclusions which are often crystalline, of larger dimensions than 
the average alumina inclusions, often darker-coloured and less 
transparent than the latter, and which are comparable to the 
protoxide inclusions (Fe, Mn)O. These particular inclusions they 
regard as aluminates of iron. 

This hypothesis is admissible. As a matter of fact, Herty 
gives analyses of residues obtained by Dickenson’s method which, 
as is known, does not enable the free protoxides to be recovered, 
and these residues contain large proportions of FeO besides 
alumina. But it appears to the authors open to discussion to 
affirm, from the appearance of the photomicrograph, that a 
definite combination is present between the alumina and the 
protoxides and to go so far as to define it, for instance, as 
spinel (Mn, Fe)O.Al,0;. The following are the reasons for this 
objection : 

(a) As stated above, the affinity of aluminium for oxygen 
and the stability of alumina when formed are such that it seems 
inevitable that even a small addition of aluminium must cause 
many types of inclusions to form in steel which is incompletely 
killed ; there will be alumina at places where the local concen- 
tration of aluminium is average or relatively high; perhaps 
aluminates at points where the aluminium concentration is low, 
plus the protoxide in excess. It is therefore impossible to deter- 
mine the composition of isolated inclusions met with by analysing 
the residues. . 

(b) On the other hand, the mere external appearance of the 
crystalline inclusions observed cannot provide accurate data 

1 Herty, Fitterer and Byrns, Mining and Metallurgical Investigations, 1930, 
Co-operative Bulletin No. 46. 
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as to their crystalline system, because (i) the observer does not 
know the orientation of the plane of the micro-section with 
reference to the faces of the crystal cut through; and (ii) the 
original theoretical shape of the crystal may be affected by a 
large number of bounding surfaces and correspond to multiple 
habits. This does not, of course, include any allowance for the 
lack of accuracy caused by the rounding of the angles, &. Whereas 
the mineralogist works on thin plates of minerals of known 
analysis and having constituents of large dimensions, it is im- 
possible in the present case to fix the position of the external 
faces with reference to the axes of the crystals studied, with the 
present technical methods available for studying inclusions. 
What observation in polarised light does enable one to do, however, 
is to distinguish between isotropic crystals, which do not exhibit 
any variations in brightness, and which therefore belong to the 
regular system, andthe anisotropic crystals, which exhibit 
positions of extinction, usually poorly defined (due to stray 
reflections on the background of the crystals), and belong to one 
of the other systems. 

That is why, even presuming the existence of aluminates of 
iron and manganese to be probable in the form of inclusions, 
there is uncertainty as to their precise character. 

(2) In the Presence of Sulphur, and (3) In the Presence of 
Sulphur and Oxygen.—Although aluminium sulphide, Al,S,, has 
a very high heat of formation, it has not been possible to isolate 
it previously in the form of non-metallic inclusions. To confirm 
this fact, the authors prepared, in the high-frequency furnace, 
a melt of 4 kg. of electrolytic iron to which 0-1 per cent. of sulphur 
and 0-4 per cent. of aluminium were added. 

The sulphide inclusions observed presented the appearance 
of sulphide of iron from the morphological point of view as well 
as in their etching chara:>teristics. In cases where appreciable 
quantities of alumina are visible, and for obscure reasons, which 
may be of a physico-chemical or mechanical nature (L6fquist, 
loc. cit.), these inclusions, when observed, are frequertly surrounded 
by a mass of sulphide, giving an appearance which is sometimes 
of a eutectic nature (Fig. 76). 


F. Iron, Manganese, Silicon and Aluminium. 


In the Presence of Sulphur and Oxygen.—The most general 
case—that of unalloyed carbon steel containing silicon and 
manganese and with aluminium additions—will be first dealt 
with. From the morphological standpoint, two cases may be 
differentiated : 

(a) Alumina inclusions are not observed in the metal, but 
definite silico-aluminates are. 
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This case arose in a series of 500-kg. ingots of unkilled and 
semi-killed steel of low silicon (0-010 per cent.) and high manganese 
(1 per cent.) contents, and to which very small quantities of 
aluminium of the order of 0-005 to 0-010 per cent. were added. 
By examining the tops of these ingots (and, more particularly, 
the crop-end or discard) as cast, then as rolled, it was possible 
to find a series of large separated inclusions in which the trans- 
formations caused by adding the aluminium were progressive. 

In the initial stage, the inclusions, which are globular, 
pinkish-violet in reflected light, amber-yellow under conical 
illumination (Fig. 77), closely resemble the coarse, vitreous basic 
silicates of the very malleable type described in section D. In 
the next stage, a very fine precipitation of small crystalline 
constituents is noted in the midst of the vitreous mass. These 
constituents are very little darker than the ground-mass but 
are harder, so that by prolonged polishing they can be given a 
certain relief with respect to the rest of the inclusion. They 
are best examined by prism illumination (slightly oblique illumina- 
tion) and by closing the illuminator diaphragm to its smallest 
extent so as to give the maximum relief effect. The photo- 
micrograph (Fig. 78) brings out very clearly the square shape 
of the coarser of these small crystals and the shadow it casts. 
In another inclusion (Fig. 79), where precipitation is already 
very pronounced, the crystals show up very clearly and are 
octahedral in appearance. Their true colour is brick-red to 
purple-red. 

Fig. 80 (Plate L.) shows the appearance of a very large 
crystal of these inclusions found in the actual crop-end of the 
ingot. The abundant precipitation of this constituent has taken 
place in the form of groups of crystals, which are often twinned 
(note the-large crystal joined to a smaller one at the top left-hand 
portion of the inclusion). The ground-mass, dark pink in colour 
in reflected light (Fig. 81), and whose true colour is pale yellow, 
has also crystallised in the form of long needles or lamelle of 
dendritic structure (Fig. 82). It is easily attacked by alkaline 
sodium picrate. 

A very interesting structure is that exhibited by the inclusion 
shown in Fig. 83 (Plate LI.). In this inclusion, the matrix of 
which has remained vitreous, will be seen a very large single 
crystal twinned with a smaller one. This crystal, which is very 
clearly defined, is bounded towards the right by the actual wall 
of the inclusion, which is irregularly spherical. This would seem 
to prove that the crystal precipitated in the actual mass of the 
liquid inclusion when the latter formed, and that it grew from 
a single nucleus situated on the wall of the non-metallic drop, 
or was simply arrested by this wall. The decrease in opacity 
towards the lower left-hand corner, which is visible under dark- 
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ground illumination (Fig. 84), shows that the polished surface 
passes approximately through one of the corners of the crystal. 
No positions of extinction are observed in polarised light, which 
indicates that this constituent is isotropic. 

On a sample of rolled metal manufactured under the same 
conditions, but containing a slightly higher percentage (0-010 per 
cent.) of added aluminium, these crystals formed, excluding the 
vitreous matrix, a large part of the mass of the inclusions, and were 
also accompanied by clusters of alumina particles (see farther on). 
Analyses of the residues by the chlorine method gave the following 
results : 


Analysis No. 1: SiO,, 26-4; Al,O;, 43-6; MnO, 16-0; FeO, 14-0 per cent. 
Total oxygen of residue: 0-012, per cent. 

Analysis No. 2: SiO,, 25-2; Al,O,, 46-8; MnO, 16-8; FeO, 11-8 per cent. 
Total oxygen of residue: 0-013, per cent. 
Total oxygen by melting in vacuo: 0-012,, 0-014 per cent. 


It is highly probable, therefore, that the silica and the 
protoxides come exclusively from the crystalline constituent 
observed, the alumina being in excess in the form of clusters of 
free alumina, and no other oxide being visible. This constituent 
ought, therefore, to be a silico-aluminate of iron and manganese 
in accordance with the formula : 


pSiO,.mAl,0;.p(Fe,Mn)0O. 


Owing to the presence of free alumina, it is unfortunately impossible 
to determine the ratio m/p by chemical analysis. 

A mineralogical substance which might agree with this com- 
position would be a garnet of iron and manganese belonging to 
the almandine-spessartine series, of composition 3Si0,.A1,05.3(Fe, 
Mn)O. This mineral belongs to the regular system, its true 
colour is reddish-brown to garnet red, and it usually crystallises 
in dodecahedra and octahedra. 

The authors thought it would be interesting to make rolling 
tests on an ingot containing an exceptional quantity of the 
inglusions described above, to see how they deform and to ascertain 
the malleability of their different constituents. 

Fig. 86 (Plate LII.) shows a large inclusion of the type depicted 
in Fig. 80, but after rolling, the degree of hot-working being 
approximately 10. It will be noted that, at low powers, the 
structure seems to remain practically the same, large crystals 
of silico-aluminate, more or less deformed and broken, being 
encased in a vitreous matrix. At higher powers and with oblique 
illumination (Fig. 85, Plate LI.), their characteristic arrange- 
ment in groups of small crystals, accompanied by numerous 
coarser constituents, will be noted. At still higher powers (Fig. 87), 
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small light grey dendrites, which seem to be formed of sulphide 
of iron and manganese, will be seen in the ground-mass between 
the crystals. Examination with an oil-immersion objective and 
under a narrow pencil of light shows that these dendrites consist 
of a transparent and refringent mass of true light-green colour. 
In this case, it is possible to focus either on the front branches 
(Fig. 91, Plate LIV.) or the side branches (Fig. 92) of the dendritic 
structure. 

Light etching with dilute chromic acid completely dissolves 
these dendrites (Fig. 88), which certainly tends to show that 
they were formed by a high-sulphur phase. Their formation 
very probably took place during the cooling which followed 
rolling, for they do not seem to have been affected by the process 
of deformation, otherwise they would have segregated in the 
solid state from a pasty or partially molten mass. Further, 
etching with sodium picrate considerably attacks the ground- 
mass (Fig. 89) (a characteristic of the basic silicates), which is 
completely and rapidly dissolved by a short period of etching 
with hydrofluoric acid (Fig. 90). This latter etching also extends 
to the surface of the silico-aluminate crystals, which it roughens 
by corrosion. It should then be noted that the crystals exhibit 
numerous bright reflections ; for, as the intercrystalline substance 
has been dissolved, total reflections are produced on the far 
faces of the crystals. 

The complete examination of this large inclusion therefore 
shows (a) that the malleable ground-mass “ protects ” the erystals 
of silico-aluminate (which cannot be deformed easily) from the 
crushing caused by rolling ; (6) that the basic silicate dissolves— 
at all events at temperatures of the order prevailing in rolling 
operations—a certain quantity of sulphur, which precipitates 
partially when cooling. 

The appearance of the inclusions will therefore vary after 
rolling, depending on the quantity of malleable vitreous substance 
surrounding the silico-aluminate crystals. Figs. 93 and 94 show 
the appearance of a rolled inclusion containing very few crystalline 
constituents. Its general appearance is smooth-edged. Fig. 95, 
on the other hand, shows the effect of rolling on an inclusion, in 
which the influence of the aluminium was sufficient to transform 
the whole mass into silico-aluminate, the inclusion being less 
elongated and having uneven edges. In this case, the quantity 
of binder was just enough to allow the crystals, during the process 
of deformation, to slide on each other without breaking, and to 
retain their original very clearly defined shapes (Fig. 96). An 
interesting effect was produced by lightly etching this inclusion 
with hydrofluoric acid; the whole of the vitreous mass forming 
the optical and mechanical bond having been dissolved, the 
inclusion appeared to be filled with grains of refringent sand 
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(Fig. 97). Actually, these grains have no cohesion, and the 
mere action of lightly passing a brush or a cloth over the specimen 
is sufficient to wipe out what is on it. 

When the ground-mass is absent, the crystals assume the 
appearance of a string of beads, and are deformed or broken, 
but are easily distinguishable from the alumina by being softer, 
true yellow to red in colour, and having crystalline facets (Fig. 98, 
Plate LV.). 

Finally, where the action of the aluminium was more energetic 
still, owing to a higher local concentration, the silico-aluminate 
type changes to the alumina type, the phases being sometimes 
exhibited in the microscope field of view together (Fig. 99). 

The ordinary ‘‘ duplex ”’ inclusions are modified only in the 
silicate phase. Fig. 100 shows an inclusion which, at first sight 
does not appear to differ from them. However, by focusing 
on the ground-mass of the inclusion, a very clearly defined crystal 
of silica-alumina may be observed alongside a spherulite of 
sulphide (Fig. 101). If the conversion into silico-aluminate is 
complete, the sulphide is expelled from the transformed inciusion, 
but may remain mechanically associated with the crystals of 
silico-aluminate, probably owing to its surface tension (Fig. 102). 

Fig. 103 gives a very clear idea of the relative malleability 
of the three phases after rolling, the following appearing in increas- 
ing order: The undeformed silico-aluminate, the moderately 
deformed sulphide, and the very malleable vitreous silicate. 

(6) The second case to be considered is that in which the 
intermediate phase does not occur, and in which alumina, or a 
compound very rich in alumina, forms immediately. 

This is also the case with carbon steels melted or deoxidised 
with manganese and silicon so that the products of deoxidation 
are silicates which are relatively acid as compared with those of 
the previous example (“rosette ’’ silicates, for instance), and 
to which increasing additions of aluminium have been made. 

As a matter of fact, it is possible, as will be seen below, to 
establish, as in case (a), different morphological stages of the 
inclusions met with. 

Fig. 104 (Plate LVI.) shows a translucent globular silicate 
containing a few grains of alumina, which are recognisable by 
their hardness, as they are hard to polish (cf. the peripheral groove 
surrounding each alumina grain), their transparency in a conical 
beam of light (Fig. 105) and their true pale-yellow colour. 

Identically the same appearance is met with in very large 
inclusions, probably exogenous or mixed in character, found in 
basic or acid steels. On a very large inclusion of this type found 
in the metal as cast, and to which aluminium had been added, 
the authors were able to photograph this very characteristic 
“rice grain’ appearance of the particles of alumina surrounded 
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by a vitreous mass (Fig. 106). Where a fairly large amount of 
aluminium has been added, it is possible (as in Fig. 107) to see 
how the grains of alumina practically fill up the entire space. 
Some of these grains have also a pronounced crystalline appear- 
ance. One fact nearly always observed is that there are metallic 
globules, which are more or less coarse and irregular, in the 
middle of the inclusion. 

Very dense and numerous clusters of alumina are also fre- 
quently found in the vicinity of these inclusions (Fig. 108). 

In concluding, the authors would like to mention the case 
where the inclusions met with do not seem to contain either iron or 
manganese, but would appear to consist of a silicate of alumina. 
Léfquist (loc. cit.) has found, in a high-silicon steel, small crystalline 
inclusions of rhombic shape which he seems to think are mullite. 
The residue from the electrolytic attack of the sample contains 
them, corresponding to the formula 3Al,0, .2SiO, with a slight 
excess of silica. That author does not mention, however, whether 
the sample contained only inclusions of this type. Ina 4-kg. ingot 
taken from a steelworks furnace during a medium-carbon steel 
heat, and after aluminium had been added, the present authors 
have been able to observe well defined, birefringent and perfectly 
colourless crystalline constituents accompanying inclusions of 
alumina (Figs. 109 and 110). An analysis of the residue from 
the reaction gave a composition equivalent to 4-7 Al,O, . 2Si0,, 
excluding FeO and MnO. The total oxygen of the residue was 
0-009, per cent., and the total oxygen by the vacuum melting 
method 0-009, per cent. It is quite probable therefore, that 
these are silicates of alumina, although it is impossible to identify 
the compound with certainty. 


CONCLUSIONS. 


This first paper is a brief review of the morphological aspects 
of the non-metallic inclusions, of which it demonstrates the 
multiplicity, even when observations are confined to the relatively 
simple case of unalloyed carbon steels. The authors do not 
claim, however, that this morphological study is complete ; it 
is certain that, even in the compass of the first part of this paper, 
other types of inclusions may be met with. 

The paper does enable certain general observations to be 
made regarding the crystallography or appearance of the inclusions 
and their relation to the composition and method of manufacture 
of the metal, besides which it throws a certain amount of light 
on certain features of the manufacturing process, especially as 
regards the conditions under which the inclusions are formed. 

(1) The appearance of the inclusions is an extremely useful 
factor to consider in connection with their determination, but 


ro 











INCLUSIONS IN SIDERURGICAL PRODUCTS. 267 


is by no means entirely specific. Although, as in the identification 
of minerals and rocks, it may be a quick and to a certain extent 
instantaneous means of enabling a skilled and trained observer 
to identify the nature of the constituents in certain specific cases, 
it should be noted that this method of identification depends 
not only on the nature of the inclusions, but on many other factors, 
such as: The temperature of formation, the properties of the 
inclusion (especially its viscosity and surface tension), degree 
of mixing, state of the metal (liquid in process, or at the end of 
solidification), origin (precipitation within the metal, or from an 
existing inclusion by reduction of the latter), &c. 

To mention merely one simple and known example relating to 
the metal ascast, the high manganous sulphide inclusions, commonly 
termed sulphide of manganese, may be of crystalline appearance 
(polyhedral or dendritic) or globular, depending upon whether 
they form in the liquid metal (carburised cast irons or steels) 
or during the process of solidification (mild steels). 

Generally speaking, one might be tempted to say that an 
idiomorphous appearance corresponds to a crystalline formation 
in a liquid metal, and a globular appearance to a liquid or vitreous 
state of the inclusion at the moment of formation, but this must 
not be taken as an absolute rule. 

In the micrographic identification of the inclusions, the 
physical processes (examining the colour, the sheen and the 
transparency by different modes of illumination) play just as 
important a part as the chemical processes (etching by reagents). 

(2) As already stated, during the process of steel manufacture 
an “evolution of the inclusions” is found conjointly with the 
chemical modifications in the metal due to the tendency of the 
metal/inclusion equilibrium to be set up, the latter playing the 
part of an internal micro-slag. In many cases, however, the 
reactions are incomplete and even irreversible, as, for instance, 
in the formation of alumina from the metallic phase or from 
inclusions already existing. 

By attentively studying the inclusions in the metal, the 
skilled and conscientious observer is able to reconstruct certain 
“stages” or retrace certain operations performed during the 
manufacture of the metal, and which of course elude all other 
methods of investigation. These operations leave indelible traces 
on the nature or appearance of the inclusion. The greatest 
prudence must, however, be exercised when pronouncing judg- 
ment on these inclusions, as the large number of different 
inclusions met with in steel makes it difficult to arrive at a true 
assessment. This also demonstrates the irregular nature of the 
action of the additions, which cause localised increases of con- 
centration and also of temperature, the latter being revealed by 
the melting of certain refractory inclusions. 
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The inclusions are much more difficult to identify in forged 
metal, in which they lose their typical anpearance. On the 
other hand, this examination gives information as to the plasticity 
and hot-shortness of the inclusions. 

This research will be completed by a second portion dealing 
with the morphology of the inclusions in the iron alloys containing 
special elements, and chromium in particular. 


This investigation has been carried out in the oxygen and 
inclusion estimating department of the Ugine Electrical Steel 
Works. The authors thank the management of these works for 
permission to publish these results, and particularly Monsieur 
Perrin for his kind assistance in the work. 


Description of Illustrations on Plates XX XIX.—LVI. 
PuaTtE XXXIX. 


Fic. 1.—(Sample No. 1). Glass plate illumination. Oil immersion. Globules of 
ferrous oxide, FeO. x 1,650. 

Fic. 2.—(Sample No. 1). Conical illumination. Oil immersion. Same point as 
Fig. 1. The inclusions are markedly opaque. x 1,650. 

Fia. 3.—(Sample No. 2). Prism illumination. Network of sulphide of iron in a 
high-sulphur and low-manganese steel. x 165. 

Fie. 4.—(Sample No. 2). Glass plate illumination. Same metal as No. 3, after 
heat-treatment. The partial remelting of the sulphiue eutectic has 
displaced the network, the sulphides having assumed a eutectic arrange- 


ment. X 65. 
Fia. 5.—(Sample No. 3). Glass plate illumination. Oil immersion. Globules of 
ferrous oxide surrounded by an interrupted crescent of characteristic 


appearance, of protoxide-sulphide of iron. x 1,100. 

Fie. 6.—(Sample No. 4). Prism illumination. Oil immersion. Globule of sulphide 
of iron accompanied by protoxide-sulphide eutectic. x 2,200. 

Fic. 7.—(Sample No. 5). Glass plate illumination. Alignment of grains of 
protoxide (Fe, Mn)O in a slightly hot-worked steel. Some of these 
grains exhibit orange-coloured reflections at the centre. x 660. 

Fia. 8.—(Sample No. 5). Conical illumination. Same point as Fig. 7. All the 
inclusions are translucent and, according to their thickness below the 
plane of polishing, have a colour varying from orange-yellow to blood- 
red. xX 660. 


PLaTE XL. 


Fia. 9.—(Sample No. 6). Glass plate illumination. Lines and eutectic areas of 
protoxide of iron and manganese. X 330. 

Fie. 10.—{Sample No. 6). Glass plate illumination. Rounded eutecticform mass 
of globules of protoxide of iron and manganese. x 550. 

Fig. 11.—(Sample No. 7). Glass plate illumination. Irregular inclusions of pro- 
toxide of iron and manganese. x 330. ‘ 

Fig. 12.—(Sample No. 7). Glass plate illumination. Oil immersion. Three 
crystals of protoxide of manganese and iron, rich in manganese, which 
are probably the section of a similar dendritic crystal. The central 
reflection of each crystal is greenish-yellow. x 1,100. 

Fia. 13.—(Sample No. 7). Glass plate illumination. Oil immersion. Crystal of 
(Mn, Fe)O in the form of a cross. The arms of the cross are very slender, 
being translucent and pale green. x 2,200. 
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14.—(Sample No. 7). Glass plate illumination. Oil immersion. Incipient 
dendrite of (Mn, Fe)O. x 1,100. 

15.—(Sample No. 7). Glass plate illumination. Inclusions of manganous 
oxide in a very divided form. x 330. 

16.—(Sample No. 7). Conical illumination. Same point as Fig. 15; the 
powdery inclusions may clearly be seen surrounding the spaces which 
are devoid of them. x 330. 


Piate XLI. 


17.—(Sample No. 7). Glass plate illumination. Group of irregular inclusions of 
protoxide of manganese (and of iron), more or less joined together, with 
some metal entrained. This area is surrounded by a kind of ring of small 
inclusions of the same nature. x 165. 

18.—(Sample No. 7). Glass plate illumination. Oil immersion. Irregular 
translucent inclusion of MnO, having interference fringes at its edges. 
x 1,100. 

19.—(Sample No. 6). Glass plate illumination. Oil immersion. Bright 
yellow inclusion of sulphide of iron containing an elongated globule 
of manganese/iron sulphide of bluish-grey colour. x 2,200. 

20.—(Sample No. 8). Glass plate illumination. Oil immersion. Trans- 
lucent elongated inclusion of sulphide of manganese and iron. (The 
axial reflection is yellowish-green.) Xx 1,100. 

21.—(Sample No. 9). Glass plate illumination. Eutectiform group of small 
inclusions of sulphide of manganese and iron, found at the axis of the 
crop-end of an ingot. x 330. 

22.—(Sample No. 9). Glass plate illumination. Globules of sulphide of 
manganese and iron containing a secondary metallic inclusion. x 660. 

23.—(Sample No. 10). Glass plate illumination. Inclusion of crystallised 
sulphide of manganese and iron, in a cast iron. x 660. 


Puate XLII. 


. 24,.—(Sample No. 11). Glass plate illumination. Dendritic inclusion of 


manganese sulphide in the crop-end (discard) of an ingot. x 660. 


. 25.—(Sample No. 6). Glass plate illumination. Oil immersion. Eutectic 


inclusion (Mn, Fe)S/(Mn, Fe)O. Sulphide light, protoxide dark. x 2,200. 


. 26.—(Sample No. 6). Glass plate illumination. Oil immersion. Same in- 


clusion as Fig. 25. Slightly etched with chromic acid. Only the sulphide 
is attacked. The appearance seems to be the negative of that shown in 
the previous illustration. x 2,200. 

27.—(Sample No. 9). Glass plate illumination. Oil immersion. Elongated 
inclusion comprising four globules of irregular shape, of sulphide (Mn, Fe)S, 
connected by the eutectic sulphide-protoxide of manganese and iron. 
x 1,100. 

28.—(Sample No. 6). Glass plate illumination. Oil immersion. Mixed 
oxide/sulphide inclusions, one having a roughly eutectic structure. In 
the large inclusion, the protoxide is translucent. x 2,200. 

29.—(Sample No. 6). Glass plate illumination. Oil immersion. Same in- 
clusions as Fig. 28, after lightly etching with chromic acid. Only the 
sulphide is attacked. x 2,200. 

30.—(Sample No. 12). Glass plate illumination. Oil immersion. Tiny 
inclusions of vitreous silica. x 2,200. 

31.—(Sample No. 12). Glass plate illumination. Globule of vitreous silica. 
x 330. 

32.—(Sample No. 12). Conical illumination. Same point as Fig. 31, showing 
the transparency of the inclusion. x 330. 

33.—(Sample No. 12). Polarised light, crossed nicols. Same point as Fig. 31. 
Black cross. x 330. 
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Pirate XLII. 


34.—(Sample No. 13). Prism illumination. Inclusions of vitreous silica in 
process of coalescence. xX 660. 


. 35.—(Sample No. 14). Glass plate illumination. Two inclusions, one of 


vitreous silica, the other of more basic silicate, after hot-working. Only 
the silicate inclusion is elor gated in the direction of rolling, the silica 
inclusion having undergone only an inappreciable elongation. x 165. 

36.—(Sample No. 15). Glass plate illumination. Inclusion of slightly trans- 
lucent silicate. x 330. 

37.—(Sample No. 15). Glass plate illumination. Translucent silicate in- 
clusion, surrounded by a ring of small vitreous inclusions. x 330. 

38.—(Sample No. 15). Glass plate illumination. Oil immersion. Same 
point as Fig. 37, at higher magnification. x 1,100. 

39.—(Sample No. 15). Glass plate illumination. Oil immersion. Similar 
appearance to Fig. 38. The inclusions are of extremely small dimensions. 
x 1,100. 


. 40.—(Sample No. 15). Glass plate illumination. Oil immersion. Small 


transparent inclusion of vitreous silicate in process of joining a large 


inclusion. xX 1,650. 
Puate XLIV. 


41.—(Sample No. 16). Glass plate illumination. Very large inclusion of 
silicate of iron and manganese, found in the crop-end of an ingot, and 
exhibiting a fine precipitate of small globules of silica. x 330. 

42.—(Sample No. 17). Glass plate illumination. Rosettes of silica in a 
translucent inclusion of silicate of iron and manganese. Note the 
apparently transparent outline of one of the silica rosettes, which has 
been sectioned at the front only. x 660. 


. 43.—(Sample No. 17). Illumination by glass plate and by a narrow eccentric 


pencil of light. The same point as Fig. 42. The “cauliflower ’’ shape 
of the rosettes, which are obliquely illuminated, is clearly distinguishable. 
x 660. 
44.—(Sample No. 15). Glass plate illumination. Silica rosettes on the 
vitreous ground-mass of a large inclusion of silicate of iron and manganese. 
- X 660. 
45.—(Sample No. 15). Glass plate illumination. The same point as Fig. 44, 
after etching with alkaline picrate of soda. The ground-mass alone is 
attacked, and the silica rosettes appear in relief. x 660. ; 


PLaTE XLV. 


46.—(Sample No. 16). Glass plate illumination. Small inclusion of rosette 
silicate. The rosettes assume the form of roughly segmented globules. 


x 660. 

47.—(Sample No. 15). Prism illumination. Coarse rosette type inclusion, 
in the same specimen as Fig. 42. After etching with alkaline picrate of 
soda. The silica rosettes have assumed a more markedly crystalline 
appearance. xX 165. 

48.—(Sample No. 18). Glass plate illumination. Juxtaposition in the same 
field, in the region of the crop-end of an ingot, of a large, finely pre- 
cipitated inclusion of silicate, a medium-sized vitreous inclusion, and a 
smaller “rosette” inclusion. x 165. 

49.—(Sample No. 18). Conical illumination. Same point as previous illus- 
tration, showing the relative transparency of the three types of inclusions. 
The true colour is brownish-yellow. x 165. 

50.—(Sample No. 19). Glass plate illumination, dry objective. Rosette 
silicate, showing the eutectic type of crystallisation of the ground-mass. 
Under a dry objective, the rosettes have a greater reflecting power than 
the ground-mass and are darker. x 990. 
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Fia. 51.—{Sample No. 19). Glass plate illumination. Oil immersion. Same 


Fic. 


Fic. 


Fia. 


Fia. 


Fic. 


Fia. 


inclusion as Fig. 50, at approximately the same power, but observed 
with an oil-immersion objective. As the refractive index of silica closely 
approaches that of cedar-wood oil, reflection on the plane of polishing 
is greatly diminished and the silica rosettes are not nearly so visible. 
On the other hand, the ground-mass eutectic is much clearer owing to 
the wider numerical aperture of the objective used. x 1,000 


Puate XLVI. 


52.—(Sample No. 19). Prism illumination. Inclusion of silicate of iron and 
manganese in a rolled steel. The rosettes of deformed silica will be 
noted. x 330. 

53.—(Sample No. 20). Glass plate illumination. Large inclusion of basic 
silicate of iron in a wrought iron (Gallo-Roman iron). Light grey 
dendrites of ferrous oxide (or protoxide of iron and manganese) on a 
finely crystalline ground-mass of silicate. x 330. 

54.—(Sample No. 20). Illumination by polarised light with crossed nicol 
prisms. The same inclusion as Fig. 53. The protoxide is opaque and 
greenish-yellow. The ground-mass seems to be crystallised into lamelle 
or needles. x 330. 


. 55.—(Sample No. 21). Glass plate illumination. Oil immersion. Complex 


inclusion, comprising a dark reddish-brown crystal of (Fe, Mn)O and 
globules of (Mn, Fe)S on a eutectic background. x 1,100. 

56.—(Sample No. 9). Glass plate illumination. Oil immersion. Typical 
“duplex” inclusion. Globule of vitreous silicate containing separate 
vesicles of sulphide. x 2,200. 


PuatE XLVII. 


57.—(Sample No. 7). Glass plate illumination. Inclusion with two con- 
stituents. Globules of MnO on a background of manganese silicate. 
x 330. 

58.—(Sample No. 7).—Conical illumination. Same inclusion as Fig. 57. 
The dark-green oxide is darker than the light-green ground-mass. x 330. 

. 59.—(Sample No. 7) Glass plate illumination. Same inclusion as Fig. 57, 

after etching with dilute chromic acid. Oily the background con- 

stituent is attacked. x 330. 


Fia. 60.—(Sample No. 7). Glass plate illumination. Oil immersion. Same in- 


Fie 


Fie 


Fie 


clusion as Fig. 57, observed at a higher magnification. The ground-mass 
has a eutectic appearance. Certain globules of oxide are surrounded 
by a dark corona. They are cut through above the average middle 
plane, and the dark corona corresponds with the apparent contour 
below the polished surface observed through the translucent ground-mass. 
Other globules of oxide, on the other hand are cut through below the 
upper plane, and exhibit bright green reflections due to the light being 
reflected on the inner wall. x 1,100. 

. 61.—(Sample No. 7). Illuminated by glass plate and narrow beam of light. 
Point similar to Fig. 60. The ground-mass consists of a field of small 
and very bright green globules in a vitreous matrix. xX 1,100. 

. 62.—(Sample No. 22). Glass plate illumination. Oil immersion. Inclusion 
with several constituents, formed by globules of sulphide on a lamellar 
eutectic ground-mass. x 1,650. 

. 63.—(Sample No. 22). Polarised light, illumination with crossed nicol 
prisms. The same inclusion as Fig. 62. The sulphides appear opaque 
and the ground constituent transparent, bright yellow to yellowish- 
brown in colour. x 1,660. 
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Fia. 64.—(Sample No. 23).—Glass plate illumination. Large inclusion exhibiting 
dendrites of manganese sulphide on a ground-mass of silicate, of lamellar 
eutectic appearance. xX 330. 

Fie. 65.—(Sample No. 23). Conical illumination. The same inclusion as Fig. 64. 
The sulphide dendrites are true dark-green in colour, the ground-mass 
being brownish-green. x 330. 


PuateE XLVIII. 


Fia. 66.—(Sample No. 23). Glass plate illumination. Oil immersion. Same 
inclusion as Fig. 64 at higher magnification. The eutectic appearance of 
the ground-mass will be noted. x 1,100. 

Fie. 67.—(Sample No. 24). Prism illumination. ‘‘ Duplex” inclusion of same 
type as Fig. 56, after rolling. The silicate surrounding the globules of 
sulphide is more drawn out than the latter. x 500. 

Fic. 68.—(Sample No. 25). Glass plate illumination. Dense clusters of alumina 
particles in a steel as cast. x 165. 

Fic. 69.—(Sample No. 25). Glass plate illumination. Oil immersion. Same 
sample as Fig. 59. Transparent grains of alumina. x 1,100. 

Fie. 70.—(Sample No. 26). Glass plate illumination. Alumina grain of variable 
shape in a rolled steel. x 500. 

Fic. 71.—(Sample No. 26). Glass plate illumination. Clusters of alumina 
elongated by rolling. x 275. 


Puate XLIX. 


Fie. 72.—(Sample No. 27). Glass plate illumination. Oilimmersion. Inclusions 
of vitreous alumina in a specimen of steel as cast. x 1,100. 

Fia. 73.—(Sample No. 28). Glass plate illumination. Oil immersion. Alumina 
inclusions in the form of small crystals. x 1,100. 

Fias. 74 & 75.—(Sample No. 29). Glass plate illumination. Oil immersion. 
Inclusions of alumina crystallised into small rods. x 1,100. 

Fie. 76.—(Sample No. 28). Glass plate illumination. Oil immersion. Inclusion 
of iron sulphide containing a small amount of (Mn, Fe)S and very small 
grains of alumina. x 1,100. 

Fic. 77.—(Sample No. 30). Conical illumination. Large amber-yellow inclusion 
of silicate of iron and manganese probably containing a little aluminium 
in solution. x 330. 

Fie. 78.—(Sample No. 30). Prism illumination. Large inclusion close to previous 
one and of similar character, exhibiting a precipitation commencing 
with small crystals of silico-aluminate of iron and manganese. X 330. 

Fic. 79.—(Sample No. 30). Illumination by glass plate and narrow centred 
beam of light. Inclusion of silicate of iron and manganese, exhibiting an 
abundant precipitation of well defined crystals of silico-aluminate of 
iron and manganese. Focused on the background of the inclusion. 
x 500 


Puate L. 


Fic. 80.—(Sample No. 30). Prism illumination. Very large complex inclusion 
found in the vicinity of the crop-end (discard) of an ingot. Crystals of 
silico-aluminate of iron and manganese on a ground-mass crystallised 
into needles or lamella. x 330. 

Fig. 81.—(Sample No. 30). Conical illumination. Same inclusion as Fig. 80. 
The crystals are reddish-brown and the ground-mass pale yellow. The 
acicular structure will be very clearly distinguished. x 330. 
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Pirate LI. 


82.—(Sample No. 30). Glass plate illumination. Oil immersion. Same 
inclusion as Fig. 80, at higher power. Two twinned crystals of silico- 
aluminate. The ground-mass is formed by transparent, pale yellow 
dendrites. x 1,100. 

83.—(Sample No. 30). Prism illumination. Vitreous inclusion of silicate 
containing a large idiomorphic crystal of silico-aluminate of iron and 
manganese. X 330. 

84.—(Sample No. 30). Conical illumination. Same inclusion as Fig. 83. 
The plane of polishing passes approximately through the top left-hand 
corner of the crystal. x 330. 

85.—(Sample No. 31). Conical illumination by mirror. Partial view at 
higher power of one of the extremities of the inclusion depicted in Fig. 86. 
The crystals are in relief on the grdund-mass. This photomicrograph 
frequently gives the impression of reversed relief. The true impression 
ean be restored by varying, for example, the direction in which the 
photomicrograph is observed. The light is incident in the direction 
shown by the arrow. xX 165. 


Piate LII. 


86.—(Sample No. 31). Prism illumination. Very large inclusion of the 
type shown in Fig. 80, but after rolling. Deformed and broken crystals of 
silico-aluminate of iron and manganese in an apparently vitreous matrix. 
x 65. 


Puate LILI. 


87.—(Sample No. 31). Prism illumination. Partial view at higher power 
of part of the field of Fig. 85. Dendrites of manganese-iron sulphide, 
of light greyish-blue colour, are visible between the silico-aluminate 
crystals in the ground-mass. x 500. 

88.—(Sample No. 31). Glass plate illumination. Same point as Fig. 87, 
after etehing with chromic acid. The sulphide dendrites are completely 
dissolved. The ground-mass is slightly attacked. x 500. 

89.—(Sample No. 31). Glass plate illumination. Same point as Fig. 88, 
after etching with alkaline sodium picrate. The ground-mass is heavily 
attacked. x 500. 

90.—(Sample No. 31). Glass plate illumination. Same point as Fig. 89, 
after etching with hydrofluoric acid. The ground-mass is entirely 
dissolved, and the crystals of silico-aluminate detached or partially 
corroded. Note the bright reflections which are due to total reflection 
from the back faces of the crystals. x 500. 


Puate LIV. 


91.—(Sample No. 31). Illumination by glass plate with a narrow beam of 
light. Oil immersion. High-power examination of the sulphide 
dendrites shown by arrow in Fig. 87. Focused on the front branches. 


x 1,100. 

92.—(Sample No. 31). Illumination by glass plate with a narrow beam. 
Oitimmersion. Same point as Fig. 91, but focused on the side branches 
of the dendrites. The true colour is bright green. x 1,100. 

93.—(Sample No. 32). Glass plate illumination. Inclusion of the same 
type as Fig. 86, of smaller dimensions, and containing comparatively few 
crystals of silico-aluminate. The latter are not very visible with glass 
plate illumination. x 275. 

94.—(Sample No. 32). Glass plate illumination. Same point as Fig. 93, 
after etching with fused potash: Only the vitreous ground-mass is 
blackened. x 250. 
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Fic. 95.—(Sample No. 33). Prism illumination. Inclusion of the same character 
as the ones in the previous illustrations, almost exclusively composed 
of crystals of silico-aluminate, there being very little vitreous binder. 


x 165. 

Fia. 96.—(Sample No. 33). Glass plate illumination. Lower part of the inclusion 
as Fig. 95, after etching with alkaline sodium picrate. The crystals of 
silico-aluminaté suffered very little deformation or breakage, and have 
retained their original idiomorphic form. x 500. 

Fie. 97.—(Sample No. 33). Glass plate illumination. Same point as Fig. 96 
after etching with hydrofluoric acid. Same remarks as for Fig. 90. 
x 600. 


Puate LV. 


Fig. 98.—(Sample No. 26). Glass plate illumination. String of crystals of 
silico-aluminate of iron and manganese in rolled metal. x 500. 

Fic. 99.—(Sample No. 26). Glass plate illumination. Oil immersion. Juxta- 
position in the field of view of colourless inclusions of alumina (left) and 
silico-aluminate (right) x 1,100. 

Fic. 100.—(Sample No. 30). Glass plate illumination. Oil immersion. Trans- 
lucent inclusion which seems to have two constituents — globules of 
sulphide (Mn, Fe) S and vitreous silicate. x 1,100. 

Fie. 101.—(Sample No. 30). Glass plate illumination. Oil immersion. Same 
inclusion as Fig. 100, but microscope focused on the bottom of the 
inclusion. A crystal of silico-aluminate will be noticed near a globule of 
sulphide. x 1,100. 

Fic. 102.—(Sample No. 30). Glass plate illumination. Oil immersion. Two 
crystals of silico-aluminate combined with a globule of sulphide. x 4,400. 

Fie. 103.—(Sample No. 31). Glass plate illumination. Oil immersion. Mixed 
inclusion of the same type as Fig. 100, after rolling. Note, encased in 
the very malleable vitreous silicate, a globule of sulphide that has not 
been deformed very much (a), and a crystal of unchanged silico- 
aluminate (b). x 2,200. 


Pruate LVI. 


Fie. 104.—(Sample No. 34). Glass plate illumination. Globular inclusion of 
vitreous silicate containing a few coarse grains of alumina. x 250. 

Fie. 105.—(Sample No. 34). Conical illumination. Same inclusion as Fig. 104., 
The ground-mass silicate is not very transparent compared with the 
alumina, which also shows up in marked relief. x 250. 

Fie. 106.—(Sample No. 35). Glass plate illumination. Very large silicate in- 
clusion containing numerous grains of alumina. A few metallic globules. 


x 660. 

Fic. 107.—({Sample No. 36). Glass plate illumination. Oilimmersion. Large in- 
clusion formed by the juxtaposition of grains of alumina with very little 
binder. x 1,100. 

Fie. 108.—(Sample No. 25). Glass plate illumination. Oil immersion. Inclusion 
as Fig. 107, surrounded by numerous clusters of alumina. x 165. 

Fie. 109.—{Sample No. 37). Glass plate illumination. Inclusions of alumina, and 
crystalline inclusion probably formed by a silicate of alumina. x 660. 

Fia. 110.—(Sample No. 37). Glass plate illumination. Same point as Fig. 109. 
The inclusions are colourless. x 660. ‘ 
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CORRESPONDENCE. 


Mr. L. E. Benson (Manchester) wrote that Professor Portevin 
and Mr. Castro had added a further contribution of merit to the 
growing mass of data regarding the composition and identification 
of inclusions in iron and steel. There was still, however, a great 
need for any test which afforded a ready method of discrimination 
between different kinds or types of inclusions. In that connection 
the accompanying illustrations might be of interest to Professor 
Portevin and Mr. Castro or others working on the same lines. 

Fig. A (Plate LVI.) showed inclusions as seen on a longi- 
tudinal section of molybdenum steel containing approximately 
0-3 per cent. of carbon and 0-5 per cent. of molybdenum. The 
section was cut from a specimen that had extended 25 per cent. 
in length in 3} hr. under steady tension at 550°C. It would be 
noticed that the inclusions were of two kinds, one of which had 
broken into blocks in a non-ductile manner. Fig. B depicted a 
longitudinal section of a sample of free-cutting mild steel bar 
which appeared to have been finished by cold-rolling or cold- 
drawing. The inclusions were again of two distinct kinds, and 
again, one kind, the darker in colour, was broken into blocks, 
whilst the other inclusions were intact. 

The analyses of the steels were as follows : 


C.% Si.% Mn.% 8.% P.% Mo.% 
Molybdenum steel . 0-29 0-17 0-57 0-016 0-042 0-61 
Mild steel ; . 0:16 0-01 0-71 0-205 0-101 we 


In both the above cases the inclusions appeared to have 
behaved in a ductile manner during hot-rolling. Further, it had 
been proved that the rupturing of the darker inclusions in the 
molybdenum steel occurred during the test at 550° C., and it was 
presumed that in the mild steel specimen the rupturing occurred 
during cold-working. 

The possibility of the ductility of inclusions at normal or 
moderately high temperatures affording at least a useful check 
for identification purposes appeared to be worth further investi- 
gation, particularly as any method of testing likely to be devised 
on these lines would be quicker and less laborious than most 
existing chemical methods. 


Mr. J. H. WuiteLey (Consett) wrote that the authors had, he 
believed, contributed a most useful paper on the many kinds of 
inclusions to be found in steels. It was probably correct to say 
that, given a good chemical analysis, the quality of a steel depended 
very largely upon the types, sizes and quantities of the inclusions 
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present. Their identification was often extremely difficult, and 
the information given in the paper should be very helpful. Two 
methods which he had found of value in certain cases were, 
however, not mentioned by the authors. They were the acid 
gelatine reagent, and heat-tinting.1 The former, when applied 
to the silico-alumina inclusions, for example, should readily 
reveal the presence of any sulphides. The identification of the 
silico-aluminate of iron and manganese constituent was particu- 
larly valuable, since this inclusion was to be seen almost invariably 
in steels which had been deoxidised with alsimin. No reference 
had been made to a rather common inclusion in ordinary steels, 
consisting of strings of broken silicates, described many years ago 
by Stead, who showed that they consisted of a silicate of iron 
and manganese and were rather basic in character. The writer’s 
own experience confirmed this, for these broken strings appeared 
to be confined to rather over-oxidised steel containing about 
0-02 per cent. of silicon, yet they were not very plastic and 
appeared to be an exception to the authors’ statement that the 
moderately basic silicates were much more malleable than vitreous 
silica and sulphides (pp. 255and 258). In studying the origin of the 
inclusion content of a steel one of the methods used by the writer 
was to examine sections from the forged bath sample taken on 
tapping an open-hearth furnace and compare it with sections of the 
finished steel. Time and again he had found that the quantity 
to be seen in the latter was much the greater. In the bath sample 
the inclusions were usually extremely minute, requiring a high 
power for their observation, whereas the finished steel might 
contain quantities easily visible under low magnification. In 
such cases any one of several of these in a single area, if ground 
fine, would make sufficient for the content of many such areas in 
the bath sample. As far as he had observed, there appeared to 
be frequently a marked growth in the bulk quantity of inclusions 
during casting and teeming. It would be of much interest to 
have the authors’ observations and views on this point. 





AUTHORS’ REPLY. 


The AvTHoRS were much obliged to Mr. Benson for the 
micrographs of inclusions which he had been kind enough to 
submit, as well as for the interesting suggestions which he had 
put forward regarding the relative malleability of inclusions at 
normal and reduced hot-working temperatures. Regarding the 
micrographs, they offered the following comments: Fig. A, 
according to the authors, represented basic silicates that were 


1 Journal of the Iron and Steel Institute, 1920, No. II. p. 145. 
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very malleable at normal hot-working temperatures (dark- 
coloured strings). As Mr. Benson supposed, these silicates were 
decidedly less malleable at lower temperatures and could break 
up into strings of fragments ; the hot-working having been carried 
out slowly, the metal surrounding the inclusions had _ been 
sufficiently plastic to fill the spaces between the fragments. On 
the contrary, sulphides—which in the present case should consist 
almost entirely of MnS, having regard to the manganese content 
of the metal—were malleable right down to room temperature 
and were not broken. The second string of inclusions in Fig. A, 
commencing from the top, had the appearance of a “ duplex’ 
silicate-sulphide inclusion after deformation. Fig. B, on the 
other hand, showed that the dark inclusion which was not 
malleable in the cold had broken without the metal being able to 
penetrate into the spaces with the same facility. It was difficult 
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to determine the exact nature of this inclusion solely from the 
appearance of the micrograph, but, nevertheless, it was probable 
that, having regard to the analysis of the steel, the phase (Fe, Mn)O 
was present. Examination under conical and polarised illumina- 
tion would then show the reddish or red-yellowish colour charac- 
teristic of the non-metallic material. The clear phase consisted 
of manganese sulphide which was malleable in the cold. 

The modification of inclusions by deformation of the metal 
at various temperatures had already been studied, principally 
by Scheil and his collaborators, in recent publications.1 That 

1R. Schnell and E. Scheil, Mitteilungen der Vereinigten Stahlwerke, Dortmund, 


1934, vol. 4, p. 235. 
-E. Scheil, Zeitschrift fiir Metallkunde, 1935, vol. 27, pp. 202-204. 
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study was intended in particular to show the relation between 
the degree of deformation of the metal and that of the inclusions 
at different temperatures, but it had equally shown up very 
clearly the influence of the silica content (see Fig. C), as determined 
analytically, on the softening points of the silicates. In this 
connection Scheil said: ‘‘ This variation is so large that it would 
be worth while to use the softening temperature of the oxidised 
inclusions in a metal as a criterion of the nature of those 
inclusions.” 

Thus Mr. Benson’s suggestion was perfectly logical and had 
already found a partial application. It must not be forgotten, 
however, that such a method of valuation would be accurate 
only in the clearly restricted case of vitreous silicates of iron and 
of manganese; in fact, the addition of another element, such 
as aluminium or chromium, which could modify the composition 
of these silicates in a manner unpredictable except by means of 
analysis, would introduce an element of uncertainty by probably 
causing the softening point of these phases to vary; further, 
this method appeared to the authors to be applicable only in the 
case of silicates containing a single vitreous phase, the slightest 
commencement of crystallisation diminishing the plasticity. 
Finally, if it was a case of distinguishing two different plastic 
phases, such as oxides or silicates and sulphides, their micro- 
graphic appearances and their optical properties were sufficiently 
different in general for this to be done satisfactorily by micro- 
scopic examination. 

The determination of the softening point of vitreous non- 
metallic inclusions by hot-working at various temperatures was 
thus an ingenious method of expressing a new physical property 
of these substances and of obtaining in certain cases more precise 
data regarding their chemical nature. 

The authors thanked Mr. Whiteley for his contribution to 
the discussion on their work. They were acquainted with his 
interesting researches on the determination of inclusions, prin- 
cipally those of sulphides, by means of an acid gelatinous solution 
of tartar emetic. The reason why no mention had been made 
of this method in their paper was that the authors were more 
particularly concerned to define still more closely the external 
appearance and the physical and optical properties of inclusions 
than their behaviour towards various chemical reagents. In 
general, sulphides, when isolated, were sufficiently discernible 
and optically recognisable for it to be unnecessary to have recourse 
to an etching method, but just in the case of silico-aluminous 
inclusions—the aluminium, as had been said, probably throwing 
the sulphides out of solution from the silicates—the sulphides 
might be enclosed in a mass of oxides in such a way as to be 
scarcely visible ; then it was that Whiteley’s method could show 
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them up very clearly by means of the yellow rings of antimony 
sulphide which formed round these minute grains. 

With regard to the broken silicates reported by Mr. Whiteley, 
the authors would refer to certain remarks which they had made 
in reply to Mr. Benson. The ductility of a silicate inclusion was 
essentially a function of the temperature at which its deformation 
had taken place. It was thus very probable that the strings of 
basic silicates, referred to above, occurred in steels of which the 
hot-working had been carried out at a relatively low temperature ; 
conversely, by hot-working at abnormally high temperatures 
it should be possible to draw out very acid silicates without 
breaking them. The relative characteristics of malleability 
of duplex silicate-sulphide inclusions mentioned by the authors 
were valid only for normal rolling or forging temperatures, 
and were susceptible to complete reversal at lower tempera- 
tures, as was shown clearly by Fig. A put forward by Mr. 
Benson. 

Conversely, these interesting observations could be used to 
obtain data regarding the thermal conditions of mechanical 
treatments undergone by the metal; having determined the 
nature of the inclusions from their optical and chemical charac- 
teristics, deductions could be drawn from their condition and 
morphological characteristics as to the temperature zones within 
which the deformations of the metal were effected. 

The authors had also observed the fact that spoon samples 
often appear to be cleaner than the corresponding finished metal. 
Estimations of the total oxygen carried out on these two materials 
had shown that their oxygen contents were comparable, or even 
that that of the finished metal was lower; the phenomenon 
arose, in fact, from the impossibility of determining precisely 
the quantity of inclusions present in steel by micrographical 
means. The recent researches of a large number of metallurgists, 
particularly K6érber and his collaborators, had shown that during 
the cooling of a more or less oxidised liquid metal containing 
silicon and manganese, inclusions precipitated continuously 
right up to the moment of the solidification of the metal. Spoon 
samples were of very small bulk and solidified rapidly, and the 
precipitated inclusions were, in fact, of extremely small dimen- 
sions ; in particular, if such a sample were examined under the 
highest possible magnifications, the existence of inclusions of 
which the fineness was of the same order as the resolving power 
of the objective could be observed. At the same magnifications 
examination under conical illumination revealed still more. It 
was thus practically certain that the metal thus rapidly cooled 
contained a very large quantity of inclusions so fine that they 
escaped microscopical observation. Perhaps in this case it was 
feasible that a little oxygen might remain in solution in the 
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metal, but this point was still very obscure and had not yet 
been clearly proved. 

On the contrary, metal solidifying in large ingot moulds 
cooled slowly, the inclusions formed round less numerous nuclei 
and in particular had a tendency to coalesce strongly, as was 
shown in Figs. 37 to 40. In this case the metal, when examined 
under conical illumination at very high magnifications, 
appeared to be free from very small inclusions. Thus the sub- 
jective microscopic valuation of the quality of the non-metallic 
material included in a sample of steel could lead to sensible 
errors of interpretation and quantitative analytical determination 
only was valid in this case. 

This observation was important in the sense that it furnished 
yet another argument against the use of micrographic examination 
as a method of quantitative evaluation of inclusions for use as a 
means of checking the quality of steel, to the defects of which the 
authors had already drawn attention.’ 


1R. Castro and .A. Portevin, Revue de Métallurgie, Mémoires, 1932, vol. 29, 
p. 558. 








(. 2a.) 


THE BEHAVIOUR OF MILD STEEL UNDER 
PROLONGED STRESS AT 300° C. 


PART II.—EXPERIMENTS ON CONCENTRATED 
STRESS IN NOTCHED AND DRILLED SPECIMENS.! 


By C. H. M. JENKINS, D.Sc., A.R.S.M. 
(NaTIoNAL PuysicaL LABORATORY) 


R&suME. 


The tests on specimens subjected to a stress locally concentrated at 
drilled holes and machined notches have now been in operation for a period 
of five years. Althougb considerable loca] deformation has occurred at 
the points of stress concentration, no cracking has developed, indicating 
that localised stress, in the absence of a chemical accelerating agent, is 
insufficient to cause cracking in such parts as boiler plates and straps. 


The experiments described in the present paper form a con- 
tinuation of a previous set of experiments on the behaviour of 
mild steel in regard to the possibility of cracking under the action 
of prolonged stress at 300°C. The late Dr. Rosenhain and 
Professor Hanson? showed that samples of a mild steel (material 
A of the present paper), when subjected to various forms of heat 
treatment, were capable of withstanding severe stresses up to two- 
thirds of the normal breaking stress, for prolonged periods at 
300°C. They claimed, as a result of many tests lasting five 
years, that ultimate fracture was unlikely, but showed that the 
specimens which had been subjected to stresses between one-third 
and two-thirds of the normal breaking stress had become con- 
siderably hardened. The rate of straining was low and was 
applied uniformly throughout the cross-section of the test-piece. 
They suggested that there was a possibility that localised stress 
such as that due to a notch might give different results. 

The present paper, which summarises an investigation of the 
Metallurgy Research Board of the Department of Scientific and 
Industrial Research, is devoted to the study of localised stress 
produced by the use of notches and drilled holes in similar strip 
specimens. The suggestion of the previous authors in regard to 
the possible effect of localised stress has not been proved to be 
correct. In addition to the low-carbon and low-manganese 


1Communication from the National Physical Laboratory received June 26, 
1935. 

2 W. Rosenhain and D. Hanson, “ The Behaviour of Mild Steel under Prolonged 
Stress at 300° C.” Journal of the Iron and Steel Institute, 1927, No. II. p. 117. 
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steel (A) used in the previous work, specimens of a boiler-plate 
steel (B) have also been tested. This plate, ~ in. thick, had been 
withdrawn from service in a boiler after failure by intererystalline 
weakness between rivet holes. The specimens were cut parallel 
to the length of the boiler, that is, at right angles to the curvature 
of the plate. The strength of this material B, tested on British 
Standard type C bars, 0-358 in. in diam., was as follows : 


Yield stress. Tons per sq. in. 22-5 21-2 
Ultimate stress. Tons per sq. in. . 33-1 32-6 
Elongation (gauge length, 4,/A). % . 34-0 34-0 
Elongation (gauge length, 8\/A). % . 25-0 25-0 
Reduction of area at fracture. %- 59-0 58-0 
The compositions of these steels were as follows : 

Mild Steel A. Boiler Plate B. 
re | | 0-23 
Silicon. : : : . Trace 0-02 
Sulphur . ; ; ; - 0-075 0-033 
Phosphorus : ° 4 - 6-050 0-066 
Manganese . : ; - 0-395 0:72 


The effect of difference of microstructure was determined on 
each material after three forms of heat treatment, which are 
given below (no change in microstructure occurred during the 
test) : 


Material 4. Material B. 
Normalised. In service condition. 
Spheroidised at 650° C. Normalised. 
Spheroidised by slowly cooling Spheroidised at 650° C. 


through critical range. 


The minimum load placed on any specimen was somewhat 
below one-half the yield point at room temperature, and the 
maximum load in three cases just exceeded the yield point. The 
results of the tests on materials A and B are recorded in Tables 
I. and IL., respectively. 


Two forms of test specimen were used in the present tests ; 
in one type the stress was concentrated by a drilled hole, in the 
other by notches machined in both edges of the specimen. 


(a) Notched Specimens.—Each specimen, which on the parallel 
length was 0-25 in. wide and 0-02in. thick, contained three 
notched areas, and each specimen can be regarded as three 
separate test-pieces. The form of specimen is shown in Fig. 1. 
Each notched area was formed by machining a 45° notch on 
the edge of the specimen so as to leave a residual width of 0-10 in. 
The radius at the root of each of the six notches was 0:25 mm. 
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(0-01 in. approximately). The gauge length was 0-50 in., which 
was marked midway between the notches, and the whole of the 
movement of each notched area was, therefore, measured. It is 
apparent that the portion of the specimen which deformed under 
the load was very short and was not likely to exceed 1-2 mm. 
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(b) Drilled Specimens.—Each drilled specimen, similarly to 
the notched specimens, presented three opportunities for studying 
the effect of a concentrated load. Drilled holes, 0-05 in. in diam., 
were made through a strip specimen, 0:15 in. wide by 0-02 in. 
thick, in the positions shown in Fig. 2. In order to introduce the 
effect of cold-work, each drilled hole was impressed on both sides 
of the strip by a 2-mm. hardened steel ball under a 50-kg. load 
for 4 min. 





es 
a 
a 
4A 
p 
= 
a) 
a 
oa 
nD 
a 
pi 
—_ 
= 
xy 
=) 
x 
Db 
° 
= 
- 
mn 
q 
3 
9 


JENKINS 


*poululiozep you = “G'°N 
“Ul $000-0 FF = “WU [0-0 + = qySuUE] Osnes jo quowoinsvou Jo Aovino0y 
*OIMJONIFSOIOU OY} YPA PoLIVA YoryAr ‘[visayeur oy} Jo yulod pyot{ oy} sAoge posselys a10A\ OGY pus GLP ‘\VGP suouttoedg , 





6: 
‘a 
0-9 
a 


8 
9 
6 
| 


‘O .099 98 shep 
p 10} pestprorsydg 


“0 .006 
WOI} posi[euULION 


“Iq 9 UO 
o0S9-.0GL Woy 
Burjooo ~=_ AT Mos 
£q_postproseqdg 
‘D0 0006 °F peyBoH 


+S6V 
S8V 
#SLV 
SOP 


N6V 
N8V 
NOV 
a«NSV 


S06V 
SO8V 
SOLV 
S09V 


c& 
$& 


| 
| 
| 
| 








"40199 19g 
*pvoTy “xviy 
qsosIv'T 
qa 
au0z “ox” 
‘payojoNn 98 
Bov1y jo 
uolz0n poy 





*e-OL X “UT 
“peoT “xvW 
qsuB1eT 
uga 
auoz ‘7p 
“payozoN 
uo 
uo esUuo[ 





‘ur ‘bs rod 
suo], 
*au0z ‘Op 
*‘payojon 
lenpiipuy 
uo 


peoy "xe 
qsod1e'T 





*s-OL X “Ul 
"sv 
9Z8‘T 199j8 
Se]0H 
IO salon 
¢ uo 
uonesuoly 
1830. 





‘ul ‘bs rod 
suoy, 
*au0z ‘'o= 
“payozon 
yova uo 
peoT 
eelaAy 





“quoulywaly, 
qvoy snolaog 





“paltad 
“poyoqon 
=> 





“sie 
useulpoedg 


“qysueT 
asnery 
‘UlLS 
“uot 
-esu0[q 
ose 
-qua019g 





“ur ‘bs 
iad suoy, 
*pvoT 
“xen 





“ur “bs 
iod suoy, 
“galod 
PRIA 








*suawmmdedg diyg poypug 
IO payjouuy UO 4SaJz, a[ISUsJ, 





"OD 0008 98 83803 poSuojoid £°O .cT 48 8380} oplsuay, 
‘VY 10218 pity uo synsay 4saf—] A1a4Vy, 








‘PROLONGED STRESS AT 300° C.—PART II: 





*‘poululiezep you = ‘q'N 
“ur $000-0 F = “wu 10-0 + = YySua] osnvd Jo yuowonsvewm jo Aowinooy 
“OINJONIYSOIONUL OY} GyLw patwa ory “gurod pyatA oy} Mojeq pesselys oJom suouttoeds [Ty 














qu99 19g 
“peoT “xe 
qsosIVT 
FIM 
eu0zZ “oy 
‘payoJON 3B 
Buy jo 
dorjonpay 

































































F-0 6-FI IN €3-FI | 0 YOCT 
F-0 6-EI [EN 99°31 «¢ UOTFTPUOD BOTA o Y61g 61 Foe €°SS 
F-0 ¢c-FI UN €3-F1 108 ,, ‘Paatooel sy > Usid FI Gee o-€3 
¥-0 8-IT ¥-0 €L-OL > YLig 
Lar 0-91 L°? 99-ST ° NPI 
G1 | a 8 | 9°T €0-1T *O .006 . NE&t@d |! It o-St 9-12 
ane 6°ST L°? So -FI UlOIZ = Podsi[BVULIONT eg NGI || 06 9-3 8-61 
EN can 6 IN 93°11 > NIU | 
0-3 tit I-¢ 0-11 o S9T 
8-0 6-6 +-0 98-4 "D 099 98 shep , oO sod |! St Z-€3 6-FI 
¥-0 b-ZI IN ¢-II b 10} pastproseydg > Std || Gz 1-6 6°ST 
+-0 Pel ¥-0 CT+L > Seq | 
“YgsuaT 
osner 
*e-OI X “Ul uy ‘bs rod | “s-OT xX ‘UT ‘ut “bs 
“peoT “Xe suo], “sAUcT “u0orny iod suoy 
4sosie'yT 07 “OW | 9TR*T 10yje “QUoulywoL Bik 1's -eDU0lT “quIOg 
yg | oN 4voH{ SNOLAIIg *payjon | Uaulpedg ase PPPLA 
auoz “ox | [enplaArpuy ’ => -qud010g 
*popoqjon uo ¢ uo yore uo 
uo peoT ‘xe | wonnsuorg | — prot ia pemryeroeney. 
uoyesuoly qsod1eT [BIOL aBUIIAY diyg pouyoryy porppug 


JOUUL) Uo 4saf, OIsUaT, 





2) .00€ 78 8380} poSuojoid £*9 GT 48 8489} o[IsuOT, 


"GT 12019 pry uo synsay 4saf— |] Wavy, 












286 JENKINS : BEHAVIOUR OF MILD STEEL UNDER 


A comparison of the notched and the drilled specimens shows 
that the curvature at the point of minimum cross-section was 2-5 
times as great in the notched as in the drilled specimens. The 





T T T T i T T T 


<— B.i2N< & BI4No 
1626 =— 


Ut: Cm AON «6 


1500 
1489 








0 
st 1o535 


"é 
Fia. 3.—Test Results. 





ceived 
1 
md 
5 YEARS at 300 
(1e26 Days) 


66 
TIME 





500 





Deformation Across 
3 Notches or 3 Holes 
Thousandaths of an Inch. 

















Ne DAYS 237 


Ll l l i 
o° 9° ° 
c-2.= 8 ¢ 








° 
a 


100 


results recorded in Tables I. and II. show a much greater extension 
in the case of drilled than in notched specimens, and the results 
suggest that the concentration of stress is not only dependent 
on the shape of the specimen but varies from one material to 
another and from one type of heat treatment to another. 
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The degree of deformation around the notches or around the 
holes is indicated in Fig. 4 (Plate LVII.), and the extension of certain 
specimens during the course of testing is shown in Fig. 3. The 
twenty-four specimens were withdrawn from the oven heated to 
300° C. for measurement after periods of 237, 661, 1,053, 1,489 
and 1,826 days, and a confirmatory set of specimens was tested 
for a further 237 days, together with about six new specimens of 
material A. This further set of specimens confirmed the experi- 
mental conditions and the initial rapid extension of the material 
and the small extension in the fifth year of testing. 


Conclusions. 

Although considerable deformation has taken place around 
the holes and notches inserted in the specimen, failure by cracking 
has not been produced under a stress similar to that of the yield 
point. It would appear that concentration of stress, cold-work 
and a temperature of 300° C. are not sufficient to bring about 
failure, and that tests with chemical accelerants are desirable. 


The author wishes to thank Mr. H. E. Bennett, formerly of 
the Metallurgy Department, and latterly Mr. G. C. H. Jenkins, 
of the same Department, for assistance during the course of this 
investigation. 
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CORRESPONDENCE. 


Mr. C. W. Hirst (Sheffield) wrote that on first reading this 
paper and arriving at the point where the test-pieces were 
described, he formed the very definite opinion that, owing to the 
presumably greater localised stress at the bottom of the notches, 
the notched pieces would elongate more than the drilled pieces. 
The figures presented in the later part of the paper showed the 
opposite result, and he wondered whether the result would have 
been quite the same had the width of the parallel portions of all 
the test-pieces been the same, namely, 0-15 in., with a notch 
depth of 0-025 in. or one-half of the hole diameter. 

He mentioned this because, in certain tests on Izod impact 
pieces of constant section behind the notch, but with varying 
notch depth, the variation in the energy required to break the 
pieces was much greater than could be explained by the variation 
in the impact property of the material. 

As the material which was stretched lay a little to either side 
of the notch centre, it appeared possible that the extra width 
of the notched piece might exert a buttressing effect on the 
material which was undergoing extension. 

He would also ask Dr. Jenkins if he had found any measurable 
reduction of area on the parallel portions of the drilled specimens. 





AUTHOR’S REPLY. 


The AvutHoR thanked Mr. Hirst for his contribution and 
agreed that the concentration of stress was probably greater 
in the notched specimens than in the drilled specimens, and 
that, therefore, it would be expected that deformation would 
be greater in the notched material. There was against that 
effect a greater length of effective material in the drilled than in 
the notched specimens. To bring about a true comparison, 
tests on specimens of similar width, with the same radius of curva- 
ture in the notches and in the drilled holes should be made. 
The notched specimens would require to be shaped with semi- 
circular notches. The object of the tests on notched specimens 
was to provide a high concentration of stress at the root of the 
notch. The author was grateful that Mr. Hirst had pointed 
out the buttressing effect of wider parallel-sided specimens. 

The author regretted that he had not any direct measurements 
of the lengthening of the parallel portions of the test-pieces of 
drilled specimens, but careful note had been made of the amount 
of lengthening that occurred at the drilled holes. For example, 
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in specimen A9N the test-piece had lengthened 2-11 mm., 
whereas the three holes had elongated 0-94 mm. The stress on 
the parallel portion had been 10-5 tons per sq. in. In a second 
specimen, AL9, three holes had elongated 0-28 mm. and the 
whole specimen stretched 0:73 mm. under a stress of 7-8 tons 
per sq. in. on the parallel portion. The stress at the holes was 
recorded in the original table. There was, of course, appreciable 
stretch in the immediate region of the holes, and undoubtedly 
stretching had occurred on the actual parallel portion of the 
test-piece clearly away from the holes. The five-year tests on 
parallel-sided specimens described by Rosenhain and Hanson! 
indicated the degree of lengthening of similar material by a 
comparison of the cross-sectional areas of undeformed test-pieces. 


1 Journal of the Iron and Steel Institute, 1927, No. II. p. 117. 
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Meeting of the Iron and Steel Institute, held at 
Manchester, on September 18, 1935. As arrangements 
have been made for it to be discussed further at a 
number of Joint Meetings with local Societies, to be 
held during the winter months, the publication of the 
discussion and correspondence, and the Committee’s 
reply, has been deferred until it is possible to deal 
with them comprehensively. They will be published 
with the proceedings of the Annual Meeting, 1936. 
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VISITS AND EXCURSIONS AT THE 
MANCHESTER MEETING. 





THE Autumn Meeting of the Institute was held in Manchester 
during the week commencing Monday, September 16, 1935. 
A large Reception Committee, representing the Iron, Steel and 
Engineering Industries of Manchester and Lancashire and the 
Iron and Steel Industries of the West Coast of Cumberland, had 
been formed, and of this, the Right Hon. The Earl of Crawford 
and Balcarres, P.C., K.T., was the President, Mr. J. E. James 
the Chairman, Alderman F. J. West the Hon. Treasurer and 
Mr. H. D. Lloyd the Hon. Secretary. The details of the prepara- 
tions were put into the hands of the following Committees : 


EXECUTIVE COMMITTEE. 


G. E. Bailey. H. E. D. Mabbott. 
G. Bentham. Col. J. G. Needham, D.S.O., O.B.E. 
C. W. Ellis. K. Treherne Thomas. 
J. E. James. F. J. West. 

PUBLICATIONS COMMITTEE. 
Professor F. C. Thompson, Editor. Charles Reynolds. 
J. Sinclair Kerr. Geo. Douglass. 


TRANSPORT COMMITTEE. 
C. W. Ellis. H. G. Humphreys. R. Stuart Pilcher. 


LADIES’ COMMITTEE. 


Mrs. G. E. Bailey. Mrs. H. D. Lloyd. 

Mrs. J. E. James. Lady Rylands. 

Mrs. V. Z. de Ferranti. Lady Simons. 

Mrs. P. Holloway. Mrs. K. Treherne Thomas. 
Mrs. J. Sinclair Kerr. Mrs. F. J. West. 
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The thanks of the Council and members are due to the above- 
mentioned ladies and gentlemen, and particularly to Lord 
Crawford, the President, Mr. J. E. James, the Chairman, Alder- 
man F. J. West, the Hon. Treasurer, and Mr. H. D. Lloyd, the 
Hon. Secretary, for the excellent manner in which the arrange- 
ments were planned and carried out, and to Mr. R. Crichton 
(of Moss Bay) and Major A. Hibbert (of Millom) for their care 
and attention in organising the excursion to Cumberland. Each 
member was presented with a most interesting book entitled 
“The Iron, Steel and Engineering Industries of Manchester and 
District,” which, as its compilers intended, formed a most useful 
souvenir of the meeting; besides an article on ‘“ Historical 
Manchester,’ by Professor G. W. Daniels, M.A., M.Com., and 
another on “The Iron, Steel and Engineering Industries of 
Manchester and District,” by Mr. John Jewkes, M.Com., it con- 
tained brief descriptions of the works of the Companies which 
were to be visited by the members during the meeting as well 
as those of other firms which would be of interest to the 
Visitors. 

By the kindness of Principal B. Mouat Jones and the College 
Authorities, rooms in the Manchester College of Technology were 
made available for the Meeting. Several departments of the 
College of Technology were thrown open for inspection by the 
members on the evening of Monday, September 16, when they 
called to collect their programmes, &c., and guides were in waiting 
to show them round. 

The first session of the general meeting was held in the Great 
Hall of the College of Technology on Tuesday, September 17, at 
9.30 a.m. At the opening of the proceedings, The Rt. Hon. The 
Earl of Crawford and Balearres, P.C., K.T. (President of the 
Reception Committee), and the Lord Mayor of Manchester 
(Alderman Samuel Woollam, J.P.) attended to give the Institute 
a very cordial welcome. An account of the proceedings will be 
found in the first few pages of the present volume, but occasion 
may be taken here to express the Council’s endorsement of Sir 
Harold Carpenter’s thanks to the Lord Mayor and Lord Crawford 
for the warmth of their welcome and the interest which they were 
taking in the success of the meeting. 

Later in the morning, while the members were engaged in the 
discussion of the papers presented, the ladies were taken by motor 
coach to visit the showrooms of the Tootal Broadhurst Lee Co., 
Ltd., and also Rylands Library, the New Free Library and 
Chetham’s Library. 

At 12.30 p.m. the members and Ladies reassembled at the 
Midland Hotel, where they were entertained to lunch at the 
invitation of the Reception Committee under the Chairmanship 
of Lord Crawford, the President of the Committee. 


. 
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The Loyal Toast having been duly honoured, the CHaArRMAN 
(Lord Crawford) said: I am going to give you only one toast, 
but one which I am sure you will accept with acclamation. It is 
a toast expressing our thanks to the Principal and to the Trustees 
of the College of Technology for their kind hospitality to the 
Institute. I wish to associate it, if I may, with the name of 
Mr. Mouat Jones, the Principal. :We in Lancashire are particu- 
larly glad to see him back at his post after a very long and serious 
illness. (Applause.) 

At the meeting this morning I felt as if I were in an examination 
hall, and after about twenty minutes of the discussion I said to 
myself ‘‘ What on earth can heterogeneity mean ?”’ (Laughter.) 
I therefore took up the Sixth Report of the Committee, which was 
placed in front of me, and opened it casually at page 13, where 
I found the following question: ‘‘ Small particles, too small to 
obey Stokes’ law, settle to the lower third of the mould.” 
(Laughter.) This was followed by the word “ Why?” (Renewed 
laughter.) I felt that that was directly addressed to myself. Is 
it owing to the modesty of the small particles, or to their defiance ? 
Anyhow, the small particles must have great courage to disobey 
Stokes’ law! (Laughter.) But what is Stokes saying about it ? 
(Laughter.) And if laws, whether of Stokes or of others, be so 
easily defied, how can you gentlemen ever expect to solve more 
than what Lord Rutherford says you have only solved, that is 
to say one per cent. of the problem of heterogeneity ? 

I have been haunted by this question (laughter), and I have 
been wonderirg how to solve it. It was not proper on my part 
to ask Sir Harold Carpenter during the progress of this morning’s 
research, and at this luncheon he has shown no inclination to 
embark on these subjects at all; so that, if I am pressed, I have 
come to the conclusion that the only thing to do is what is com- 
monly done in the examination hall by Mr. Mouat Jones’s students, 
and that is to evade the reply (laughter), to answer by example or 
by analogy. In this great centre of Lancashire commerce—and 
may I say of English commerce too—I will give you an example 
of an evasive reply. A youth asked his father for a definition of 
commercial morality. “It is,’ said his father, ‘a very difficult 
thir g to define ’—like Stokes’ law (laughter)—‘ but I will give 
you an example. If I lend a man £100 and the man pays me 
back £120 by accident, immediately a point of commercial 
etiquette arises : ovght I or ought I not to tell my partner Ikey ? ” 
(Loud laughter.) 

Taking all the circumstances into account, I have come to 
the conclusion that I shall abandon the attempt to probe into the 
niceties of Stokes’ law. I am going to lie low; I am going to 
imitate the small particles ; I am going to get down to the bottom 
third of the mould (laughter), and there IT shall repose, there I 
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shall settle, and so, if the answer to the question is to be given, 
it must be given by Mr. Mouat Jones, after you have drunk his 
health with cordiality and enthusiasm. (Prolonged applause.) 


Mr. B. Movart Jonzs (Principal of the Manchester College of 
Technology), who was cheered on rising to reply, said : Feeling as 
I do like a very small particle, unable to settle, I should like to do 
as Lord Crawford has done and evade a reply. I do not see why 
I should be inflicted on you in this way; after all, you have 
never done me any harm. (Laughter.) 1 can only suppose that 
it is some form of sanctions. 

The College of Technology feels itself very highly honoured 
in having been selected as the place for your deliberations. Looking 
through the programme of your activities, I tried to find out what 
these deliberations would be about, and, after a long search 
among the excursions and the social events of various kinds, I 
discovered them. (Laughter.) When I found them I was reminded 
of a certain wartime incident which happened on an English 
steamship. There was a conjuror on board who was entertaining 
the passengers, and he had just said “ Ladies and gentlemen, 
I will now make this parrot disappear ’’ when the ship was blown 
sky-high by a German torpedo. As they picked up the survivors, 
they found a somewhat bedraggled-looking bird strutting up 
and down a floating plank and muttering to itself ‘‘ Damned 
clever!” (Loud laughter.) 

I should like to thank Lord Crawford very cordially for the 
way in which he has proposed this toast. I will throw a few 
sidelights on the work of the College. A technical college has a 
very great variety of subjects of instruction, but not nearly enough 
to meet with the demands of the public, who are always seeking 
enlightment on every conceivable subject. I have been asked to 
consider classes in such things as piano-tuning, beauty culture, 
lion-taming (laughter), chemistry for chicken farmers, saw- 
doctoring, embalming, monumental masonry and a host of other 
similar cheerful occupations; and the other day I received a 
letter addressed to the ‘‘ College of Knowledge, England,’’ which 
was correctly delivered without delay (laughter), and in which the 
writer asked me to provide for him a course of instruction as an 
insecticide. (Laughier.) 

Even in the subjects with which we do deal, it is not always 
possible to meet the immediate needs of every individual. The 
other day I had a letter from a parent asking me whether his son 
could give up Scripture and take Commercial French, as it would 
be more useful to him hereafter. (Loud laughter.) We run a 
course for Health Visitors, and teach the scientific feeding of 
young children. At a recent examination the candidates were 
asked to give three reasons why natural feeding of infants is 
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superior to artificial feeding; and one young lady, confusing 
science with common sense (laughter), replied: “ First, because 
the temperature is right; secondly, because the cream cannot 
be taken off it; and thirdly, because the cat can’t get at it.” (Loud 
laughter.) That gives you a fair indication of the way in which we 
train our students to grasp the essentials of a problem and to deal 
with problems when they arise with practical and commonsense 
methods. (Laughter.) 

I could tell you a good deal more about the work of the College 
(laughter), but I must remember that you, like the metal with 
which you deal, are capable of suffering fatigue. I have only to 
wish your Institute a very successful, enjoyable and improving 
visit to Manchester. I feel it would be kind to remind those of 
you who are going on the Manchester Ship Canal to-morrow of the 
only poem that has been written about any Manchester 
institution— 


““ Mary had a little lamb, 
Its fleece was white as snow. 
It went into the Ship Canal— 
And now look at the damned thing!” (Laughter.) 


Sir Harotp CARPENTER, D.Sc., F.R.S. (President of the 
Institute) said : I am sure you would not wish to separate without 
my expressing in a sentence our thanks to the Reception Com- 
mittee for the delightful hospitality that we have enjoyed. 
(Applause.) 


The proceedings then terminated. 


In the afternoon (Tuesday) arrangements had been made 
for the members to visit one or other of the following works : 


Metropolitan Vickers Electrical Co., Ltd., Trafford Park. 

Messrs. Mather and Platt, Ltd., Park Works, Newton Heath. 

Messrs. Taylor Bros. & Co., Ltd., Trafford Park. 

Renold and Coventry Chain Co., Ltd., Renold Works, 
Didsbury. 

Messrs. Rylands Bros., Ltd., Warrington. 


The members were conveyed in motor coaches to the 
works, where they were received by the Principals and members 
of the staffs, who acted as guides and conducted the parties 
round the works. The visitors were entertained to tea before 
returning to their hotels. While the members were thus engaged, 
- the Ladies were taken to visit the new housing scheme of the 
Manchester Corporation at Wythenshawe Park ; they also were 
provided with refreshments before the return journey. 
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On Tuesday evening, at 8.0 p.m., the Lord Mayor (Alderman 
Samuel Woollam, J.P.) and the Corporation of the City of Man- 
chester offered the members and their Ladies a Civic Reception 
in the Town Hall. Later in the evening this was followed by a 
Concert and Dancing. 

On Wednesday morning, September 18, the second session 
for the discussion of papers was held in the Students’ Common 
Room at the College of Technology. At its conclusion the members 
were taken by motor coaches to Salford Docks, where they 
embarked on steamers, kindly provided by the Manchester 
Ship Canal Co., for the Irlam Works of the Lancashire Steel 
Corporation, Ltd. On arrival, the guests took lunch, at the 
invitation of the Corporation, under the Chairmanship of Mr. 
John E. James (Chairman of the Company). Then followed visits 
to all the departments of the works, which were followed by 
refreshments before the party left on the return journey by 
motor coach. 

In the meantime, the Ladies spent the day on an excursion to 
Chatsworth, where a visit to Chatsworth House and grounds was 
paid by permission of His Grace the Duke of Devonshire, K.G. 
(Past-President of the Institute). The outward journey was 
made via Stockport and Chapel-en-le-Frith. Lunch was taken 
at the Palace Hotel, Buxton, and later the party returned over 
the Cat and Fiddle, via Macclesfield and Knutsford. At the 
latter place they were entertained to tea at Ollerton Grange at 
the invitation of Mr. and Mrs. John E. James. 

At 7.30 p.m. on the same evening (Wednesday), the members 
and their Ladies were entertained at a Banquet and Dance at 
the invitation of the Reception Committee. At the Banquet The 
Rt. Hon. The Earl of Crawford and Balcarres, P.C., K.T., occupied 
the Chair ; the guests numbered over four hundred. 

At the end of dinner, after the Toast of “ His Majesty the 
King, Duke of Lancaster ’’ had been duly honoured, the following 
Toasts were proposed : 


“ The City, Port and Trade of Manchester.” 

Mr. Frep J. West, C.B.E., M.Inst.C.E., M.I.Mech.E. (Chair- 
man of the Manchester Ship Canal Company) said: I have the 
honour to submit the toast of the City, Port and Trade of Man- 
chester. However inadequately I put forward the claims of this 
toast, I feel sure it will be received by you with the sincerity and 
enthusiasm which it deserves. The toast is of a very compre- 
hensive nature ; it affords scope for a great variety of expression, 
and indeed it is difficult to fix on what might be termed the 
correct starting point. If I start with the City of Manchester— 
and seeing that we have with us this evening the chief citizen, the 
Lord Mavor of Manchester, who will respond to this toast—I feel 
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sure that the members of the Iron and Steel Institute would wish 
me to say to the Lord Mayor how very much they appreciated 
his welcome to the City yesterday at the opening session and 
enjoyed the reception yesterday evening at the Town Hall; 
further, they would all like to record their intense satisfaction 
that the Lord Mayor from a civic point of view has done every- 
thing that lies in his power to make the Autumn Meeting of the 
Institute in Manchester a success. 

The Lord Mayor typifies that form of local government which 
has placed this country in the forefront of the nations of the world 
with regard to our public activity and our health and social 
services. I have endeavoured, in my travels to Australia, New 
Zealand, the United States, Canada and South Africa, to make 
a study of local government matters, and I have come to the very 
definite conclusion that our form of lccal government, by com- 
parison with that of other countries, has a great deal to be said 
for it and in ma:¥ respects is superior to others. I would further 
say that Manchester has no need to be ashamed of the position 
which it occupies amongst the large provincial cities with regard 
to its contribution to the form of local government which prevails 
in this country. 

The City of Manchester has much of which to be proud. Her 
University, her College of Technology and her other educational 
facilities are, as you were told by Principal Mouat Jones yesterday, 
exceedingly practical. Her social and philanthropic institutions, 
to say nothing of Manchester’s commercial standing and the 
business acumen of her leading citizens, have placed the city in a 
leading position of which we are not unreasonably proud. 

With regard to the second portion of my toast, the Port, I 
think many of you will be surprised to hear that Manchester is 
the fourth largest port in this country, and that we bring the 
largest freight-carrying steamers over our 32 miles of waterway 
direct to Manchester from all parts of the world. We handle, 
with our imports and exports, something like six million tons 
per annum, and we have created, in the forty-one years for which 
the waterway and port have been operating, something like a 
business world’s record, with far-reaching consequences to the 
commerce and industry of the great areas surrounding Manchester. 

It is of interest to find that in the early days of the construction 
of the canal, in 1887, the Iron and Steel Institute paid a visit to 
the waterway and inspected the progress of the work, and it is 
still more interesting that the first Chairman of the Ship Canal, 
Mr. Daniel Adamson, who held that post from 1885 to 1887, was 
President of the Iron and Steel Institute at the time of that visit. 

During our trip on the canal to-day, I observed Lord Crawford, 
our Chairman this evening, making a very concentrated study of 
the water in the canal. (Zaughter.) I imagine he was admiring 
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the beautiful bluish tint of the water, and I saw how he could 
apply Stokes’ law (laughter) to explode a fallacy which exists 
with regard to the behaviour of the water of the Manchester Ship 
Canal. Had he been proposing this toast, I believe he would have 
further expounded the law to which he referred yesterday by the 
use of one of the terms in the formula, the coefficient of viscosity. 
(Laughter.) He would thus have exploded the fallacy, which is 
@ libel on the canal, that it is impossible for a man to be drowned 
in it, the suggestion being that he would be poisoned first. (Loud 
laughter.) , 

With regard to the Trade of Manchester, although the city 
is known to many as Cottonopolis, and although it is correct to 
say that it is the centre of the cotton industry, fortunately Man- 
chester has a great variety of trades, and it may be a surprise 
to many here to learn that the engineering trades, in which most 
of us here are interested, employ more workpeople than the 
cotton industry itself in the area surrounding Manchester, which 
is to-day one of the most important engineering centres in the 
country. 

We have in Manchester an organisation known as the Man- 
chester Engineering Council which has been very successful in 
promoting happy relations between the employers and the work- 
people. We claim that in Manchester there is a closer and better 
understanding between them than exists in many other centres. 
We have freedom of speech at our meetings, and we do talk very 
freely to each other. 

Time will not permit me to say anything further with regard to 
the trade of Manchester, and I will conclude by saying on your 
behalf to the Lord Mayor and citizens of Manchester, on this, the 
last function in connection with your Autumn Meeting here, 
that you earnestly hope that the City and Port of Manchester 
and the Trade of Manchester and the great area surrounding it 
will continue to develop and to prosper in @ manner worthy of 
Manchester’s distinguished history and past achievements. 
(Applause.) 


The toast was received with enthusiasm. 


The Rt. Hon. THE Lorp Mayor or MANncHESTER (Alderman 
Samuel Woollam, J.P.), who was received with applause on rising 
to respond, said: I cannot consider the way in which your 
Chairman has arranged this toast list as a very kindly act on his 
part. When I promised him to do everything I could to make 
your meeting a success if you honoured us with a visit to Man- 
chester, I thought I had made a friend of him (laughter); but 
now I find that he has selected as the proposer of this toast one 
who has not only proposed the toast but who has also very ably 
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responded to it. (Laughter.) Moreover, when I came here to-night 
I thought of reciting alittle poem to you about Mary and her little 
lamb, and now I find you have heard it already! (Laughter.) 

The proposer of this toast is the Chairman of the Manchester 
Ship Canal, and our Corporation has derived great benefit from 
the support which it gave in the eighties to enable that canal to 
be completed. The Corporation invested over £6,000,000 of 
capital in the Ship Canal Company, and I believe in 1960 the 
money which it borrowed for that purpose, something like 
£5,000,000, will have been paid back, and the ratepayers of the 
City will then enjoy the advantages which will accrue to them 
from the interest paid on that money. 

I remember that when I came to Manchester in 1878 I was 
told that it was no use going to Manchester because it was down 
and out, and there was no likelihood of a raw youth from the 
country getting employment. I took the risk and found employ- 
ment, although unfortunately or fortunately for me, in 1908 I 
joined the ranks of the unemployed, and without the dole ! 

Mr. West, in proposing this toast, has done us the honour of 
associating with it the Corporation of the City of Manchester. 
When I tell you that we have no fewer than 33,000 persons 
employed by the Corporation, that we have a rateable value of 
over £6,000,000, and that three of our trading committees have 
a turnover of over £3,000,000, it will enable you to realise that 
those who are privileged to serve as members of the Corporation 
have some responsibility to bear in connection with its work. 
We know that our rates are high, but I would ask those of you 
who are privileged to live in Manchester to think for a moment 
of the facilities provided for those rates. I think I can say that 
there is no city or town in the United Kingdom that gives better 
value to the citizens for the rates that they have to pay, and so 
long as the citizens feel they are getting value for their rates it 
must be a source of great satisfaction to the city’s representatives. 
My friend Mr. Mouat Jones and those associated with the College 
of Technology and our junior technical schools have over 3,000 
students at the present time training for the engineering and 
chemical industries. I hope that some of them may at a later date 
become useful members of this Institute. 

My friend the Chairman of the Chamber of Commerce would 
be better able than I am to tell you something about the trade 
of the city, because during his year of office he has been concerned 
with many committees and sub-committees dealing with this 
difficult problem of how to bring more trade not only to Manchester 
but to Lancashire. I am quite sure, from what I know of him and 
his colleagues that no stone is left unturned to enable industry to 
come to Manchester and to Lancashire and provide employment 
for our people. 
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I thank you, Sir, for the cordiality with which you have 
proposed this toast, and you ladies and gentlemen, for the way 
in which you have received it. I can say, on behalf of my 
colleagues on the Council, as well as on behalf of the Lady Mayoress 
and myself, that it has been a real pleasure to do anything we 
could to make your meeting a success. (Applause.) 


“ The Iron and Steel Institute.” 

The CuHatrMan (The Rt. Hon. The Earl of Crawford and 
Balearres, P.C., K.T.), who was warmly applauded on rising to 
speak, said: It is a great happiness as well as a great honour to 
propose the toast of the Institute. We cordially weleome them 
to our midst, for it is long since we have had the honour of receiving 
them ; but, as the Lord Mayor has just pointed out, we in Lan- 
cashire are shy and retiring people (laughter) who do not always 
do full justice to our virtues or to our enterprise, and we are 
therefore at times in danger of being overlooked, although our 
merits are incalculable. (Laughter.) Occasionally, however, we 
do penetrate the great world beyond our borders and learn lessons 
in many things, some of which leave us a little surprised, and 
perhaps nonplussed as well. 

Two citizens of Manchester recently got as far as London, and 
on their return could be persuaded to say nothing but “There’s 
queer chaps in Lunnun.” (Laughter.) On being pressed for an 
explanation, it was discovered that they had enjoyed their visit 
very much, and on the last morning they determined to go to 
one of the great shops and purchase mementoes of the occasion ; 
the man was to buy some gold studs or links and his wife a muff. 
The man had the greatest difficulty in explaining in the shop 
what he wanted, the reason being that he said he wanted to buy 
some “fancy tackle.’”’ They tried to sell him every kind of fish- 
hook (laughter), but ultimately he reached the jewellery depart- 
ment and was shown trays of gold rings and sleeve links and studs 
and all kinds of fancy tackle, and the assistant, trying to make 
him buy something, said it was eighteen carat. ‘‘ Ating carrot ?”’ 
said the man, “ Nay, Ah’ m chewing bacea!” (Loud laughter.) 
His wife said she wanted a “ mooff,”’ and the bolisked young Lon- 


doner inquired “‘ What fur, madam?” ‘ What fur ?”’ she said, 
‘Wha, to kip me ’ands warm!” (Laughter.) “ Ay, but there’s 
queer chaps in Lunnun!” (Laughter.) 


Well, we are very grateful to London and very grateful to 
the Institute, but during the last twenty-four hours J have felt 
particular need of saying how grateful I feel to Yorkshire—a 
very surprising thing to say! (Laughter.) Mr. West has just 
referred to Stokes’ law, and I made a reference to Stokes’ law 
yesterday. Since then no fewer than five members of the Institute 
have explained to me, in very nice language and with good 
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humour, what Stokes’ law is. I think I should perhaps say 
that in their definitions there is a very strong element of hetero- 
geneity. Nothing they have said to me has convinced me that 
the small particles that ought to have obeyed Stokes’ law were 
anything but wise in disregarding it. I certainly should not like 
to have to give you myself a definition of what Stokes’ law 
really is; my mind is in great confusion on the subject and, like 
Mr. Mouat Jones’s scholars, I shall give you a wrong answer to 
the right question. They teach divinity in the School of Tech- 
nology at Manchester, and one of his youths was asked what he 
could say about Dan and Beersheba. ‘‘ Oh,’ he replied, “ they 
are just a married couple in the Old Testament, like Sodom and 
Gomorrah.” (Laughter.) 

That brings me by a very easy transition to the toast of the 
Iron and Steel Institute. (Loud laughter.) On your behalf, I 
wish all success and all prosperity to the Institute. We here well 
recognise the important task that it fulfils and the great obliga- 
tions it carries in the direction and control of the technical side 
of these leading industries. ‘The importance of the Institute 
grows day by day as the obligations placed upon the trade and the 
industry are increased by the State. 

I have the honour, in proposing this toast to you, to couple 
with it the name of the Institute’s distinguished President, Sir 
Harold Carpenter. In wishing success and prosperity to the 
Institute, we equally wish it to the great industry upon which 
the security of our country fundamentally depends. (Applause.) 


The toast was cordially received. 


Sir Harotp Carpenter, D.Sc., F.R.S. (President of the Iron 
and Steel Institute), who was received with acclamation on rising 
to speak, said in reply: At an early stage in the dinner, Lord 
Crawford consulted me as to the line he might take for his speech. 
I said ‘‘ I am going to say exactly what I like, and I hope you will 
do the same.’ I should like to congratulate him and to thank 
him for the delightful words he has used in presenting this toast. 

As I mentioned yesterday, Manchester has been a good friend 
to this Institute, especially in its early days when it needed 
friends ; and in our first thirty years of existence we came here 
no fewer than three times. When my wife and I visited the city 
last Monday evening, one of the members of the Institute said 
to me “‘ This is coming home for you, isn’t it?”’ That was a 
very true saying, and perhaps truer than he realised. I am very 
grateful to him for saying that, because it constitutes the peg on 
which I am going to hang the few words I have to say. 

I came to this city in 1898, thirty-seven years ago, at the very 
beginning of my career, and, although I am a poor southerner, 
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I chose Manchester as the city from which to begin that career. 
I have never regretted the choice, and I am convinced that I 
could not have made a better one. I hope there are some in this 
room who remember some of the old Owen’s College professors 
of those days. I came at the time of Osbourne, Reynolds, Schuster, 
Dixon and Bargate, and there was also a man in Manchester 
then whose name I am sure many will remember, Sir Henry 
Roscoe. Lord Crawford is Chancellor at this moment of one of 
the most distinguished and prosperous Universities in this country, 
but it has not always been so. I will tell you a story that I heard 
Sir Henry Roscoe tell just about that time. To-day we returned 
from the Ship Canal up Key Street, which is where the College 
used to be. One evening Sir Henry was smoking a cigar outside, 
preparatory to giving his evening lecture, when a tramp passed 
and said “Is this the night shelter?’ He replied ‘“ Well, it 
isn’t at present, but if you call again in a month it may be!” 
(Laughter.) As a matter of fact, the number of students then 
was just about thirty. 

After three years in Manchester, I went to London to the 
National Physical Laboratory. We started there with a staff of 
five, and three of them were Manchester men; we used to regard 
the National Physical Laboratory as a little bit of Manchester. 
In 1906 the University did me the honour of inviting me to 
return here as its first Professor of Metallurgy. That is twenty- 
nine years ago, and I want to tell you a little about the men who 
were my first demonstrator, my first student and my first laboratory 
assistant. They are all of them in this room, and their wives also. 

My demonstrator began life in the foundry of the old Lan- 
cashire and Yorkshire Railway at Horwich. He had come to 
me at the National Physical Laboratory on special work, and 
when I came here he told me he would like to come with me. 
Some of my Manchester friends were generous enough to sub- 
scribe sufficient money to get him here for three years. I asked 
him whether he would take the risk, and he said he would. He 
therefore came for three years, and I explained that in that time 
he could get what he had not got then, a degree. Presently he 
married, and then a child came. You cannot live on a demon- 
strator’s salary, and so he went off to Bolekow, Vaughan & Co. 
and to Dorman, Long. When I went to London, that man suc- 
ceeded me here. Fifteen years ago he went to Swansea as the 
first Professor of Metallurgy there, and since then he has become 
Principal of the College. He has been Vice-Chancellor of the 
University and he is a Fellow of the Royal Society. You have 
doubtless guessed that I am referring to Principal Edwards. 
(Applause.) 

My second example is my first student. I am not sure that 
he came from Lancashire ; I believe he came from Cheshire. He 
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has done two very remarkable things. He succeeded in obtaining 
a post in a Scottish University (laughter), and at the present time 
he is showing them in Yorkshire how to do things. He has 
exhibited, as the Principal of the University of Sheffield mentioned 
when we were there two years ago, a degree of indefatigability 
which is the envy of his colleagues. I am referring now to 
Professor Andrew. (Applause.) 

I am not going to make any comparisons, but I am not sure 
that I am not most interested in my third example, whom I will 
frankly call a laboratory boy. This boy had the invaluable 
quality of making a piece of apparatus work. (Laughter.) As 
to that, I am reminded of a definition which was once given of 
the difference between a theoretical man and a practical man. 
The theoretical man, it was said, is a man who explains how a 
machine works ; the practical man is the man who explains why 
it does not. (Laughter.) Now, my laboratory boy had that 
second quality in a very high degree; nothing went right when 
he was away from the laboratory, and we were very unhappy. 
He ran us all, and, in addition to that, in a little room—a sort of 
Black Hole of Caleutta—he ran a chess tournament. After that 
he went off into the foundry industry, and to-day he is a member 
of the Council of the Institute of British Foundrymen, he is 
chairman of their chief technical committee, and he is a consultant 
for foundry firms in the district of Birmingham. I refer to John 
Gardom. (Applause.) 

I have quoted these instances to you for my personal pleasure 
and as an example to you of the degree of initiative and enterprise 
which you say exists in Lancashire, and I entirely endorse that 
view. The particular conditions which obtain this evening will 
never hold again, and that is why I have ventured to strike this 
personal note and to tell you something about these three men. 
If I may, I should like to ask you to join with me in congratulating 
Professor and Mrs. Andrew, Principal and Mrs. Edwards and 
Mr. and Mrs. Gardom on the great success which these men have 
achieved in life. (Prolonged applause.) 

Coming to the present day, we always try, when we visit a 
city, to obtain papers from local members, and I wish to allude 
particularly to the very interesting and valuable paper presented 
this morning by Professor Thompson. (Applause.) Professor 
Thompson is carrying out a very special line of work on wire- 
drawing, and in fact on the drawing of metals generally, which 
I am sure is of deep interest and importance to this City. I should 
also like to pay my tribute to the valuable work which Professor 
Bragg is carrying out in the Department of Physics on the structure 
of alloys. 

Before I sit down I want to do what I am sure the members 
of the Iron and Steel Institute would like me to attempt to do, 
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namely, to express our thanks to the Reception Committee for 
the really wonderful time we have had. (Applause.) To some 
extent Mr. West has anticipated me in the references which I 
was proposing to make to the Lord Mayor, but I must be allowed 
to say, as President of the Institute, that we appreciated very 
highly the speech which the Lord Mayor made yesterday, and 
which I for one will never forget ; it was a very remarkable and 
indeed a perfect speech. Coming to to-day, I learn from my wife 
of the very delightful trip which our ladies were taken to the Peak 
District, and we think especially there of Mrs. James, who was 
so kind as to entertain them in a manner which delighted them 
very much. (Cheers.) The local Committee arranged a very 
interesting trip for the male members, and we went from the 
School of Technology to Irlam by way of the Ship Canal. There 
has been a number of references to that piece of water already, but 
I propose to draw attention to an aspect of the matter which has 
not been commented on so far. Reference has been made in 
particular to the colour of the water, but I was much more appre- 
ciative of, and I may add affected by, the emanations from it. 
(Laughter.) Mr. West was very desirous of telling me that the 
particular odours we encountered to-day had not been met with 
for six years. I am quite prepared to believe that, but I do 
maintain that there is evidence for the fourth line of the poem 
which the Principal of the College of Technology gave us yesterday 
(laughter), and I think the matter should receive further attention. 

I am going to couple with this toast the name of Mr. James. 
(Applause.) I met Mr. James only for the first time in May, and 
I was put next to him at the Institute Dinner in London because 
it was then known that I was to be President and he was to be 
Chairman of the Local Reception Committee. Perhaps I can 
express my opinion of him best by saying that after that very 
brief meeting I had not the slightest anxiety about the success 
of this visit; there was a quiet competence about him which 
means everything, and I knew that we were going to have a grand 
time. We have had it, and I am going to ask the members of the 
Institute to rise and give Mr. James musical honours. (Applause.) 


The toast was drunk with musical honours. 


Mr. Joun E. James (Chairman of the Reception Committee) 
said in reply: I should like to thank you for the way in which 
you have paid tribute to the little effort that we have made to 
try to give this meeting the success that it deserves. When it 
was impressed on me that it was about time that the Institute 
came to Manchester again, I felt considerable diffidence about 
taking on the responsibility of organising the visit. I should 
like to say how deeply grateful I am, as a comparative stranger, 
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for the very many kindnesses that I have received on all sides 
from the leaders of industry in Manchester. Perhaps the out- 
standing and shining light has been the Lord Mayor. Had it 
not been for that encouragement, I do not think that it would 
have been possible for me to carry out this programme. 

Throughout the meeting we have been treated to the most 
humorous side of Manchester; I feel there can be no doubt 
that the music hall artists of the future will come from the School 
of Technology. (Laughter.) It has been a very great pleasure 
to arrange this visit of the Institute, and I hope they will not be 
so long in returning to Manchester as they were last time. 

Before I sit down I must pay my tribute to the President of 
the Reception Committee. Lord Crawford has helped more than 
he would ever know or admit. I feel that had it not been for 
that great grace and charm which is his natural possession much 
that we have done as a Reception Committee would have been 
impossible. (Applause.) 

It has been one of the greatest pleasures and proudest moments 
of my life to think that I have been able at long last to contribute 
something to the Iron and Steel Institute, with all its great 
traditions and with all that it has done for the industry. This 
is the first time that I have taken any really important part in 
its activities. Now that I have set my foot on the threshhold 
and introduced to Manchester what I consider the cream of the 
world so far as industry is concerned, I feel sure that they in 
return will realise that in Manchester they have discovered people 
whom they never knew existed before. (Laughter.) Perhaps 
they have also discovered other things that they never knew 
existed before. 

In conclusion, I beg to thank you for your very great kindness. 


(A pplause.) 


After the Banquet, the floor was cleared and dancing was 
continued for the rest of the evening. 


It should be added that, besides the works officially visited 
as mentioned above, other Companies had expressed their willing- 
ness to receive members of the Institute during the afternoons 
of Tuesday and Wednesday, September 17 and 18; the following 
is a list of these Companies : 

Churchill Machine Tool Co., Ltd., Broadheath, Altrincham. 

Messrs. Craven Bros. (M/C), Ltd., Vauxhall Works, Reddish, 
Stockport. 

Messrs. Ferranti, Ltd., Hollingwood, Manchester. 

National Gas and Oil Engine Co., Ltd., Ashton-under-Lyne. 

Messrs. Geo. Richards & Co., Ltd., Broadheath, Altrincham. 
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Messrs. Henry Simon, Ltd., Cheadle Heath, Stockport. 
West’s Gas Improvement Co., Ltd., Albion Ironworks, 
Miles Platting, Manchester. 


The whole of Thursday, September 19, was devoted to an 
excursion into the Lake District. The party travelled by special 
train from Victoria Station at 8.15 a.m. Windermere was reached 
before 1] A.M., and motor coaches carried them to the Keswick 
Hotel for lunch. After lunch the members travelled on by the 
train (which had come round to Keswick), to Workington, where 
they visited the Moss Bay Works of the United Steel Companies 
Ltd. Taking tea on the train, they then proceeded to the works 
of the Millom and Askam Hematite Iron Co., Ltd., at Millom, 
where special arrangements allowed the train to run right into the 
Company’s works. After a short tour of inspection, followed by 
refreshments, the members again entered the train, to make the 
return to Manchester, via Ulverston. At both works the members 
were received by representatives of the Boards of Directors and 
officials of the Companies. 

Meanwhile the Ladies had been conveyed by motor coaches 
through Threlkeld, Troutbeck, Aera Force, Ullswater, Patterdale, 
Kirkstone Pass, Bowness, Newby Bridge and Grenold on the way 
to Ulverston. Tea was taken at the Bellsfield Hotel, Bowness, 
and the members of the party had the option of leaving the 
coaches there, travelling by steamer to Lakeside, and rejoining 
the coaches there. 

At Ulverston the Ladies met the members’ special train, and 
the last section of the return journey to Manchester was made 
by that means; dinner was served on the train. 

At 9.37 p.m., the party arrived back at Victoria Station, and 
so ended the fourth visit of the Iron and Steel Institute to the 
City of Manchester. 
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Dr. ARTHUR BRAMLEY died on July 19, 1935, at the age of fifty- 
six. He had to leave school early and served a full apprenticeship 
to the hosiery trade. However, he became an evening student 
of Halifax Technical College and in 1904 obtained a staff appoint- 
ment there. In 1906 a national scholarship took him to the 
Royal College of Science, where he graduated, carried out research 
work, and finally became private research assistant to Professor 
J. C. Philip. His researches included studies of the physico- 
chemical properties of solutions and ionic complexes, and an 
investigation of the physical properties of binary liquid mixtures, 
for which work he was awarded the degree of D.Sc. 

Dr. Bramley subsequently served on the scientific staff of 
the British Dyestuffs Corporation at Huddersfield, where he 
remained until he was appointed to take charge of the Department 
of Pure and Applied Science, Loughborough College, in 1918. 
While at Loughborough he undertook a long series of researches 
on the diffusion of non-metallic elements into iron and steel, 
and was able to show that the mechanism of this diffusion follows 
the normal physico-chemical course. For these researches he 
was awarded the Carnegie Gold Medal in 1929. An enthusiastic 
teacher and brilliant research worker, he had been a member of 
the Iron and Steel Institute since 1922, and had been responsible 
for numerous papers published in The Carnegie Scholarship 
Memoirs during the years 1926 to 1929. 


Witu1AM Rosert Davies, of St. Petroc, Park Road, Whit- 
church, Cardiff, died on May 15, 1935, at the age of sixty-three. 
Born at Lydbrook, Forest of Dean, in 1872, he received his early 
training with Messrs. Richard Thomas & Co., Ltd., and his 
first official appointment was at the Aberdare Tinplate Works 
in 1895. In 1902 he became assistant works manager of the 
Melingriffith Company, of Cardiff, and five years later was 
appointed general works manager ; he became a Director of the 
company in 1920, and later Joint Managing Director with Mr. 
H. Spence Thomas, from which position he retired in June 1934, 
when the works were acquired by Messrs. Richard Thomas & Co., 
Ltd. Mr. Davies was technical partner in the development of 
the Thomas and Davies machines, &c., owned and run by the 
company. These devices included the combined automatic 
feeding, pickling and tinning machine known as the “ Melin- 
griffith pot,” as well as doubling, shearing and other machines. 
Mr. Davies was, until he retired, Vice-Chairman of the Welsh 
Plate and Sheet Manufacturers’ Association and Chairman. of 
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the Joint Industrial Council and the Joint Standing Committee 
Wages Board. He was a member of the Institution of Mechanical 
Engineers and of the South Wales Institute of Engineers; he 
joined the Iron and Steel Institute in 1908. 


Sir James ALFRED Ewinec, K.C.B., D.Sc., F.R.S., died at 
Cambridge on January 7, 1935; he was seventy-nine years old. 
Born at Dundee on March 27, 1855, he was educated at the 
High School in that city, whence he obtained the first engineering 
scholarship to Edinburgh University. At that time Fleeming 
Jenkin was working there with Kelvin on submarine telegraphy, 
and he suggested that Ewing should take part in this work during 
the vacations; after graduating, he made three voyages on 
cable-laying ships to Brazil and the River Plate. In 1878, on 
his chief’s nomination, he was appointed Professor of Mechanical 
Engineering at Tokyo University ; during his five years’ stay 
in Japan, he took the opportunity to study seismology; he 
designed instruments by which the exact measurement of earth- 
quake motion was made practicable, and these were installed 
in an observatory which he established in Tokyo. He also began 
researches which later gave birth to the molecular theory of 
magnetism, this accounting for the phenomenon to which he 
gave the name hysteresis. 

In 1883 he returned to Britain and became Professor of 
Engineering at University College, Dundee; seven years later 
he followed James Stuart, the first occupant, in the Chair of 
Mechanism and Applied Mechanics at Cambridge. After his 
appointment, on the advice of John Hopkinson, considerable 
developments took place ; a laboratory was acquired, the general 
principles for the education of engineers were laid down, and a 
Tripos was established—all this was due in no small measure 
to Ewing’s energy. 

While at Cambridge, Ewing continued his magnetic researches, 
paying special attention to the practical testing of the magnetic 
properties of iron ; the results were published in a paper presented 
before the Institution of Civil Engineers in 1896. He also devised 
a magnetic curve tracer, a hysteresis tester, and a permeability 
bridge, while in another field he investigated the crystalline 
structure of metals and determined how an aggregate of crystals 
can exhibit plasticity through the slipping processes that occur 
between atomic layers. 

In 1903, his connection with Cambridge was: interrupted, 
and was not resumed for some years; when the Admiralty 
decided to introduce a new Scheme of Naval Education, he was 
first called upon to advise how best to include a large element of 
engineering knowledge in the training of every officer, and then 
was appointed Director of Naval Education. While at the 
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Admiralty he was a Member of the Explosives Committee and 
of the Ordnance Research Board. At the beginning of the Great 
War, he was invited to assist in the de-coding of enemy ciphers, 
cryptograms being a subject in which he had long been interested 
as an amateur ; as a result, a new department, known as Room 40, 
was set up. 

In 1917, Sir Alfred was appointed Principal and Vice-Chancellor 
of the University of Edinburgh, but he continued his association 
with Room 40 for another year. At the end of the war, problems 
of University reconstruction arose, and he showed himself to 
be an able administrator, with resource, bold leadership 
and sound business capacity. During his tenure of office, thirteen 
new chairs were established, many new buildings were erected, 
and the whole institution was reorganised on modern lines. 
He resigned his Vice-Chancellorship in 1929 and retired to 
Cambridge, where he was elected an Honorary Fellow of King’s 
College. While he was at Edinburgh, the Bridge Stress Com- 
mittee was appointed by the Department of Scientific and 
Industrial Research, in March 1923, of which body he was 
Chairman ; the work of this Committee, which consisted of the 
experimental determination of the static and dynamic deflections 
of every ordinary type of bridge and of the stresses in individual 
members, lasted for five years, and showed the effect on the 
oscillation of bridges of two factors—the hammer blows of the 
unbalanced parts and the frictioned resistance of the spring gear 
of the locomotives—which had previously not been taken fully 
into account. 

At Cambridge, Sir Alfred voluntarily devoted some of his 
time to other activities of the Department of Scientific and 
Industrial Research. As a member of the Food Investigation 
Board he was interested in the work of the Low-Temperature 
Research Station in that town, and he supervised researches at 
the National Physical Laboratory on thermal insulation, refriger- 
ants and the measurement of humidity—a subject to which he 
had earlier paid much attention. He was also a member of the 
Committee on the Mechanical Testing of Timber, appointed by 
the Department in 1929. 

Sir Alfred was the author of many papers on scientific subjects, 
particularly magnetism and the physics of metals. His treatise 
on ‘The steam engine and other heat engines,’ published in 
1894, has become a classic, and has been translated into many 
languages. His other works include books on “The strength 
of materials,’ on ‘“‘The mechanical production of cold” and 
on ‘“‘ Thermo-dynamics for engineers.” 

Sir Alfred was naturally the recipient of many honours. 
He was made a Companion of the Bath in 1907, and became 
Knight Commander of the same Order four years later. He was 
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elected a Fellow of the Royal Society in 1887, and received the 
Royal Medal for his researches on magnetism in 1895. He held 
honorary degrees in the Universities of Oxford, Cambridge, 
Durham and St. Andrews, and was elected an Honorary Member 
of the Institution of Civil Engineers in 1929, in which year also 
he received the Albert Medal of the Royal Society of Arts. He 
was a Past-President of the Royal Society of Edinburgh, and 
was awarded the freedom of that city and of his native town of 
Dundee. He had been a member of the Institution of Civil 
Engineers since 1891 and of the Institution of Electrical Engineers 
since 1893, and had served on the Council of the latter body. 
He joined the Institution of Mechanical Engineers in 1891, and 
was made an Honorary Life Member in 1932. His membership 
of the Iron and Steel Institute dated from 1899. 


ROLAND CHARLES HARDING died at his home in Llantarnam, 
Monmouthshire, in September, 1935, at the age of fifty-one. 
He was the youngest son of the late Mr. Joshua Harding, of 
Stoke-on-Trent, and received his training with Messrs. Robert 
Heath and Sons; later he became Managing Director of the 
firm. In 1930 he became general manager of the Rogerstone 
Works of Messrs. Guest, Keen and Nettlefolds, Ltd., which 
position he held at his death. He joined the Iron and Steel 
Institute in 1912. 


WituiaM Hipxins, of Edgbaston, Birmingham, died in April, 
1935. He was probably the oldest ironmaster in the Midlands ; 
he was in his ninety-second year, and had been retired from 
active business for some years. He joined the Iron and Steel 
Institute in 1890. 


FREDERICK FoORRESTER HuntTING died at his home in Cardiff 
on April 27, 1935; he was sixty-two years of age. It was in 
1923 that Mr. Hunting went to Cardiff from the Midlands to take 
over the management of the Cardiff Works of Messrs. Guest, 
Keen and Nettlefolds, Ltd., and he continued to hold that position 
until the amalgamation of the heavy-steel ‘interests in South 
Wales of Messrs. Guest, Keen and Nettlefolds, Ltd., and Messrs. 
Baldwins, Ltd., when, with the closing-down of the Cardiff 
steelworks, he was appointed chief metallurgist to the British (Guest, 
Keen, Baldwins) Iron and Steel Co., Ltd. He joined the Iron 
and Steel Institute in 1917, to which, in collaboration with Mr. 
W. J. Brooke, he presented a note on “‘ The microstructure of 
commercially pure iron between Ar, and Ar,.”” Mr. Hunting was, 
at the time of his death, a member of the Corrosion Committee 
of the Iron and Steel Institute and the British Iron and Steel 
Federation. 
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Sir Ropert Murray Hyswop, a well-known industrialist, 
chairman of Messrs. Mosers, Ltd., iron and tool merchants, and 
a director of Messrs. Bayliss, Jones and Bayliss, Ltd., ironmasters, 
died on September 11, 1935, after a brief illness. He was educated 
privately and at University College, London, and joined Lloyd’s 
as an underwriter. Subsequently he became associated with 
numerous industrial undertakings, and was soon a leading figure 
in the iron trade of the Midlands. For many years he lived at 
Beckenham, where he was prominent on the Urban District 
Council, on the Education Committee and in municipal affairs 
generally. He became a Justice of the Peace in 1909, and in 
1917 he was knighted. A staunch Liberal, he was prominently 
identified with the Congregational Union and other Free Church 
movements, and with temperance work. Sir Murray was a 
Commander of the Legion of Honour, a Fellow of the Zoological 
Society, and since 1933 he had been a member of the Iron and 
Steel Institute. 


JoHN KiTcHING, a very old member of the Institute, died at 
Darlington on March 28, 1935, at the advanced age of eighty-one. 
For the greater part of his career he had been associated with 
the working of railways in Great Britain and in Spain. He 
joined the Iron and Steel Institute in 1881, and at his death was 
a life member. 


WILLIAM WaDDELL McCosu died at his home, Easter Moffat, 
Plains, near Airdrie, Lanarkshire, on March 17, 1935. Mr. 
McCosh was a son of the late Provost McCosh of Coatbridge and 
was educated at Cambridge. Later, he became one of the principals 
in the firm of William Baird & Co., Ltd., Gartsherrie Ironworks, 
and devoted most of his time to the interests of this concern. 
He was also a director of Baird’s Mining Co., Ltd., and the 
Caledonian Portland Cement Co., Ltd. He served a period on 
the Coatbridge Town Council and was a magistrate when he 
retired from that body ; at the time of his death he was President 
of the North Lanark Unionist Association. He joined the Iron 
and Steel Institute in 1909. 


THomas Brown MAcKENzIE, who died on August 5, 1935, 
was one of the leading engineers in the iron and steel industry. 
A native of Renfrew, he received his education in Glasgow and 
served an apprenticeship with Messrs. John Norman and Co., 
of Port Dundas. He obtained further experience at the Hyde 
Park Locomotive Works, Springburn, and returned to his former 
firm to take charge of the drawing office after the business had 
been taken over by Messrs. J. Copeland and Co. In 1895 he was 
invited to take charge of the Dalzell Works drawing office of 
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Messrs. David Colville and Sons, Ltd., and five years later he 
became chief engineer for all new construction. In this capacity 
he was responsible for the design and remodelling of plant at 
the various works of the company—such as the extensions at 
the Glengarnock and Clydebridge Steel Works, for instance. 

He travelled widely in America and on the Continent in his 
study of steelworks practice, and was regarded as one of our 
ablest steelworks engineers. He was very much interested in 
the historical aspect of engineering, and was also deeply concerned 
with the welfare and education of young engineers ; in furtherance 
of this object he founded a Mackenzie Trust Fund for the provision 
of awards to those who distinguished themselves at evening 
classes. 

A life member of the Institution of Mechanical Engineers, a 
member of the Institution of Engineers and Shipbuilders in 
Scotland, and of the West of Scotland Iron and Steel Institute, 
he was also a life member of the Iron and Steel Institute, which 
he joined in 1901. Of his published papers one, on “ Utilisation 
of waste heat from open-hearth furnaces for the generation of 
steam,’ was read before the Institute in 1918. 


JoHN ALEXANDER MATHEWS, Vice-President of the Crucible 
Steel Co. of America, and a metallurgist of international repute, 
died of a heart attack at his home in Scarsdale, New York, 
U.S.A., on January 11, 1935. He was born at Washington, Pa., 
on May 20, 1872, and attended Washington and Jefferson College. 
In 1898 he took his Ph.D. degree at Columbia University and 
was appointed assistant in assaying and tutor in chemistry there. 
He was given the Barnard Fellowship and went to the Royal 
School of Mines, London, where he studied metallography under 
Sir William Roberts-Austen. Returning to Columbia in 190], 
he worked on the development of alloy steels in Professor Howe’s 
laboratory ; in this he was encouraged by being awarded one 
of the first Carnegie Scholarships of the Iron and Steel Institute, 
in the year of their inception. The following year the first 
Carnegie Gold Medal was bestowed upon him ; he thus achieved 
the signal distinction of being the first to receive either award 
and the first to be the recipient of the double honour. 

He began his association with the Crucible Steel Co. in 1902, 
becoming metallurgist in charge of experimental work at Sanderson 
Brothers Steel Co., Syracuse. During this period, and subse- 
quently, he became interested in steels for permanent magnets, 
and was instrumental in making the United States almost self- 
sufficient so far as tungsten and chromium magnet steels were 
concerned. He was of the firm opinion that the magnetic 
properties of carbon and alloy steels could ultimately be correlated 
with the structure and mechanical properties, and on this point 
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was responsible for many brilliant hypotheses—hypotheses which 
have since been amply confirmed 

Dr. Mathews went to Halcomb Steel Co. in 1908 as operating 
manager, becoming President of this company in 1915. Five 
years later he was elected Vice-President of the Crucible Steel 
Co. of America, soon became President and only relinquished 
this post (in 1923) in order to become Vice-President and Director 
of Research, and so to devote more time to the latter. This 
position he held at his death. 

Among his outstanding achievements were the use of the 
electric furnace in the production of high-quality steel, the 
American production of magnet steels, the development of 
various alloy steels, particularly high-speed steels containing 
vanadium, and the improvement of heat-resisting austenitic 
steels ; in many of these fields he was the pioneer. During the 
war of 1914-1918 many technical committees benefited by his 
experience, especially in aircraft production problems. 

Dr. Mathews was a member of many technical societies, 
including the American Society for Testing Materials and the 
American Society for Metals; he had been a member of the 
[ron and Steel Institute since 1904. A clear, lucid writer, he 
published about a hundred papers in all; those read before the 
[ron and Steel Institute include one on ‘‘ A comparative study 
of some low-carbon steel alloys,’”’ in 1902, and one on “ Retained 
austenite,” in 1925. The reputation which he early established in 
Great Britain and America was further enhanced by the fact 
that he was chosen to deliver the Howe Memorial Lecture before 
the American Institute of Mining and Metallurgical Engineers 
in 1924, while in 1928 he was awarded the Robert W. Hunt 
Medal of that society. 


Percy José MircHeiyt died in London on September 13, 
1935, at the age of fifty-six. Born in London on May 15, 1879, 
he was educated at Stoke Newington. On leaving school he was 
articled to Mr. F. M. Rogers, but about a year later he was 
apprenticed to Mr. James Bennett, of Messrs. Bennett, Sons and 
Shears, Ltd., makers of sugar machinery and brewery and general 
engineers. In 1901, he was appointed London representative of 
Messrs. Fullerton, Hodgart and Barclay, Ltd., Paisley ; while 
with them he installed plant in several tinplate works in South 
Wales and assisted in the erection of dock hoists and cranes, 
and refrigerating equipment. Two years later he started to 
practice as a consulting engineer. He acquired the patent rights 
of the Rateau system of exhaust steam utilisation in Great 
Britain, and first installed plant of this type for the Steel Company 
of Scotland ; this was followed by the erection of similar plant 
in some fifty iron and steel works power stations, the exhaust 











318 OBITUARY. 


turbines in some cases being combined with steam accumulators. 
During the war Mr. Mitchell gave up his consulting practice and 
took up the manufacture of projectiles, aero engines and chemicals, 
the Staines Projectile Co. being formed for the purpose ; nearly 
all the tools in the shell factory were constructed to his design. 
The war over, he turned his attention to the glass industry ; 
he was concerned with the formation of the British Window 
Glass Co. to develop a Belgian patent, and also of Colonial and 
Foreign Glass Industries to handle the foreign patents covering 
this process. Further, he was responsible for the construction 
of a heavy cardboard and fibre-board mill at Merton for the 
Merton Board Mills, Ltd.; its erection presented difficulties 
owing to the marshy nature of the ground. In addition, he was 
concerned in the control of P. and B. Evaporators, Ltd., which 
manufactured evaporators constructed under the patents owned 
by Messrs. Prache and Bouillon, of Paris. Mr. Mitchell was a 
member of the Institution of Mechanical Engineers and the 
Institute of Sanitary Engineers; he joined the Iron and Steel 
Institute in 1905. 


JouHN Neitson, of Coatbridge, Lanarkshire, died early in 
July, 1935. At his death he was chairman of the Summerlee 
Iron Co., Ltd., of Glasgow. The Neilson family has been closely 
connected with the Scottish Iron Industry for a great many years, 
and it was J. B. Neilson, the uncle of Mr. John Neilson, who 
introduced the use of hot blast in the blast-furnace, which was 
probably the most marked advance in fuel economy made in 
the history of iron-making. Mr. Neilson was ninety-six years 
of age, and thus was almost certainly the oldest member of the 
Iron and Steel Institute. He was in fact the senior from the 
point of view of length of membership, for he was one of that 
small and dwindling group, the Original Members, which, with 
Mr. Neilson’s decease, has now completely disappeared ; thus, 
the last link with the days of the Institute’s birth in 1869 has 
been broken. 


StTanLEY R. Parrerson died at his home in Porthcawl on 
February 23, 1935, at the age of fifty-one. He started his pro- 
fessional career in May, 1897, when he joined the staff of Messrs. 
Guest, Keen and Nettlefolds, Ltd., as assistant to his father, the 
then chief engineer, whom he succeeded in 1918. When, about 
1930, it was decided to close down the steel side of the works 
in Cardiff, he was moved to Port Talbot as chief engineer of the 
combined works of the British (Guest, Keen, Baldwins) Iron and 
Steel Co., Ltd., at Port Talbot and Cardiff, and he took in hand 
the important reconstruction work which has taken place at 
Port Talbot, culminating in one of the most modern installations 
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in Great Britain for the storage and use of blast-furnace and 
coke-oven gases in furnaces of all descriptions. He was also 
engaged on the preparation of the layout of an entirely new works 
to be built at Cardiff, and in the early part of 1934 it was decided 
to proceed with the new plant, a decision which necessitated the 
dismantling of the whole of the old plant at Cardiff. It is unfor- 
tunate that Mr. Patterson did not live to see the starting-up of 
the new works, the building of which had been his life’s ambition 
and in the designing of which he had played so important a part. 
He had joined the [ron and Steel Institute in 1919. 


WitutiamM HENRY WaRDEN Proctor died at his residence 
in Warwick Road, Coventry, on December 18, 1934; he was 
fifty-eight years old. He was Managing Director of the Wycliffe 
Foundry Co., Ltd., Lutterworth, Rugby, of Follsain Metals, Ltd., 
and of the Globe Foundry, Coventry. He joined the Iron and 
Steel Institute in 1906. 


CHARLES HENRY RIDSDALE, of Stoneycroft, Glaisdale, passed 
away on December 29, 1934, at the age of seventy-three. He 
tirst went to Tees-side in 1876, and there he became one of the 
first pupils in the laboratory of the late Dr. Stead. In 1879 he 
was associated with some of the early experiments carried out 
by Thomas and Gilchrist at the works of Messrs. Bolckow, Vaughan 
& Co., at South Bank, the outcome of which was the successful 
development of the basic Bessemer process, which made possible 
the manufacture of steel from local phosphoric ores. Later, 
Mr. Ridsdale was appointed chief chemist and technical adviser 
to the North-Eastern Steel Works, Ltd., of Middlesbrough. In 
1917, he joined Messrs. Ridsdale & Co., analytical chemists, of 
Middlesbrough, and later became a director of and metallurgical 
consultant to the firm, in which his son, Mr. N. D. Ridsdale, 
now takes a principal part. He was a member of a number of 
technical societies, including the Chemical Society, the Institute 
of Chemistry and the Cleveland Institution of Engineers ; he had 
joined the Iron and Steel Institute in 1883. He was the author 
of very many papers on technical matters, a number of which 
will be found in the Journal of the Iron and Steel Institute ; in 
1887, jointly with Dr. Stead, he presented a paper on “ Basic 
slag, its formation, constitution and application, with special 
reference to crystals found therein,” and then followed contribu- 
tions on “ Brittleness in soft steel,’ in 1895, on ‘‘ Practical 
microscopic analysis for use in the steel industries, with an 
introduction to a systematic study of soft and dead soft steel,” 
in 1899, on ‘‘ The correct treatment of steel,’ in 1901, on ‘‘ Diseases 
of steel,” in 1903, and finally on ‘‘ The valuation of ores and iron- 
making material,’ in 1920. In addition, he had collaborated 
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with his son, Mr. N. D. Ridsdale, in two papers presented to the 
Institute, one on “‘ Mechanicalising analysis as an aid to accuracy 
and speed for commercial purposes,” in 1911, and the other on 
‘“* A new method for the accurate determination of phosphorus,” 
in 1913. Mr. Ridsdale was the originator of standard analytical 
samples, and he had devoted much time and energy to their 
improvement and development. 


RonaLtp JAMES Howson RitcuIE, of South Croft, Marton, 
Yorkshire, died in January, 1935, at the comparatively early 
age of forty. He was a director and works manager of the firm 
of James and Ronald Ritchie, cast-iron pipe manufacturers, 
and was indeed the son of the late Mr. James Ritchie who had 
founded the company. He was a member of the Council of the 
Middlesbrough Branch of the Institute of British Foundrymen. 
He took up membership of the Iron and Steel Institute in 1917. 


GEORGE H. Sankey, J.P., died at his residence, Astley Abbots, 
Bridgnorth, on December 19, 1934, at the age of sixty-seven. 
He was the second son of the late Mr. Joseph Sankey, the founder 
of the firm of Joseph Sankey and Sons, Ltd., of Bilston and 
Hadley (Shropshire)—now a branch of Guest, Keen and Nettle- 
folds, Ltd.—of which he became the managing director; he 
was connected with the Albert Street Works, Bilston, for about 
fifty years. He was High Sheriff of Staffordshire, and had served 
on the committee for the Wolverhampton and South Staffordshire 
district of the Royal Metal Trades Pension and Benevolent 
Society. He had been a member of the Iron and Steel Institute 
since 1903. 
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MINERAL RESOURCES. 





BRITISH EMPIRE. 


The Canadian Mineral Industry in 1934. (Canada, Department 
of Mines, Mines Branch, 1935, Report No. 760). 

Geology of the Grand Lake Coalfield. W.J. Wright. (Canadian 
Institute of Mining and Metallurgy, 1935, June, Bulletin No. 278, 
pp. 209-216). The coalfield is situated in Queens and Sunbury 
Counties, New Brunswick, Canada, chiefly within a three-mile 
radius of Minto. The seam varies in thickness from 16 to 30 in. 
and lies almost horizontal, at depths of 0 to 125 ft. The coal is 
sold in four grades: Screened or lump, run of mine, slack, and 
stripping. The chief market is with the railways and commercial 
plants, with a fair amount for domestic purposes. The coal is 
bituminous, possessing good coking qualities, but rather high 
ash and sulphur contents. The following is the proximate 
analysis: Moisture at 105°C., 1-1; volatile matter, 31-4; 
fixed carbon, 56-0; ash, 17-0; sulphur, 7-1 per cent. The 
calorific value is 12,840 B.th.u. The author describes the geological 
sequence of the coal-bearing strata, and the more interesting 
features connected with the rock formations. 

A Study of the Barakar Coals of the Jharia Coalfield, Bihar 
and Orissa, India. C. Forrester. (Journal of the Institute of 
Fuel, 1935, vol. 9, Oct., pp. 30-58). An account is given of the 
geology of the district, the chemical and physical characteristics 
of the Jharia coals, and the nature and distribution of the mineral 
matter. Washability curves of the coal are also included. 

The Natural Gas Resources of Burma. C.T. Barber. (Memoirs 
of the Geological Survey of India, 1935, vol. 66, Part 1). 





EUROPE. 


Gold, Tin and Tungsten in the Montagne de Blond (Haute- 
Vienne). (Génie Civil, 1935, vol. 107, Sept. 28, pp. 301-302). 
A short note on the geology of this district in France.‘ 

The German Iron Ore Deposits and their Possible Utilisation. 
G. Einecke. (Zeitschrift des Vereines deutscher Ingenieure, 
1935, vol. 79, Sept. 14, pp. 1099-1110). The author presents a 
review of the iron ore deposits of Germany and considers their 
usefulness and the question of how long they will last out. He 
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discusses the total reserves of the: country and the possibility 
of increasing the output in the individual districts; from this 
he draws conclusions as to whether such increased outputs will 
suffice for Germany’s need of ores and what consequences would 
follow on an excessive increase in the output. 

Iron Ore Reserves of Germany. E. Kohl. (Archiv fiir die 
Lagerstattenforschung, 1934, No. 58: Gliickauf, 1935, vol. 71, 
June 22, pp. 590-592). The results of a survey of the iron ore 
reserves in all the ore deposits in Germany, carried out in 1931 
and 1932, are presented. 

The Formation of the Siegerland Spathic Iron Ore Deposits by 
Lateral Secretion. H. Breddin. (Gliickauf, 1935, vol. 71, Aug. 
31, pp. 821-830). 

The Oolitic Iron Ores in the Dogger Sandstone of the Franconian 
Jura. FE. Schmidtill. (Archiv fiir das Eisenhiittenwesen, 1935, 
vol. 9, July, pp. 1-13). After describing the petrographic and 
chemical composition of these iron ores, the author outlines the 
working conditions in the various districts and discusses the 
preparation and smelting of the ores. 

The Iron Ore Deposits of the Eisenwerkgesellschaft Maximilian- 
hiitte, Rosenberg. N. Hamacher. (Stahl und Eisen, 1935, vol. 55, 
June 27, pp. 693-695). The development, extent and mode of 
occurrence of these iron ore deposits are described and the question 
of the preparation of the ore is discussed. The estimated reserves 
and proposed annual outputs suggest that the mines opened up so 
far will have a limited life. The ore field lies to the east and north 
of Nuremberg. 

The Ores and Metallurgical Industries of Rumania and Czecho- 
slovakia. C. Berthelot. (Revue de Métallurgie, Mémoires, 1935, 
vol. 32, Apr., pp. 156-170; May, pp. 200-209). 

The Mining and Metallurgy of Sardinia. C. Berthelot. (Revue 
de Métallurgie, Mémoires, 1935, vol. 32, Aug., pp. 342-350). A 
brief review of the principal mining and metallurgical activities 
in Sardinia. 

A Chromite Deposit at Tschatschak, South Slavia. G. 
Petunnikov. (Montanistische Rundschau, 1935, vol. 27, Aug. 1, 
pp. 1-3). Brief details of the deposit are given. 





AMERICA. 


Geology of Big Horn County and the Crow Indian Reservation, 
Montana, with Special Reference to the Water, Coal, Oil and Gas 
Resources. W. T. Thom, jun., G. M. Hall, C. H. Wegemann and 
G. F. Moulton. (United States Geological Survey, 1935, Bulletin 


No. 856). 
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The Mineral Industry of Japan. (Colliery Guardian, 1935, 
vol. 151, Aug. 23, pp. 329-331). This review includes data on 
the production of minerals and the character of the coal mined 
in Japan. 

Geology of the Iron Deposits in the Lower Yangtze Region. 
C. Y. Hsieh. (Geological Memoirs, National Geological Survey 
of China, 1935, Series A, No. 13). 





ORES—MINING AND TREATMENT. 





Concentration of Titaniferous Iron Ore from Taberg, Sweden, 
after Previous Heating. G. G. Bring and P. G. Kihlstedt. (Jern- 
kontorets Annaler, 1935, vol. 119, No. 8, pp. 303-342). Ore from 
Taberg is of the titaniferous type in which the magnetite grains 
show lamellar intergrowths of ilmenite ; the lamell are so thin 
that concentration by mechanical means is not possible. Further- 
more, a rim of tough hornblende binds the magnetite to the 
gangue (chiefly olivine), making separation difficult. Attempts 
were made to effect a separation by heating the ore to temperatures 
up to 1,100° C. and quenching it in water. Heating to 1,000° C. 
renders the material friable, but at the same time magnetite is 
formed in quite large quantities in the hornblende, making the 
gangue strongly magnetic. On the other hand, the magnetite 
grains themselves become more feebly magnetic. Magnetic 
separation then becomes difficult, and heating does not, therefore, 
form a solution to the problem. 

Roasting and Sintering of Ores in a Turbulent Furnace. 
M. Fourment. (Revue de Métallurgie, Mémoires, 1935, vol. 32, 
June, pp. 245-247). After touching on various systems of roasting 
or sintering ores, the author describes the Saint-Jacques furnace. 
In this the powdered materia] is injected under pressure in a 
circular manner into the top of a cylindrical chamber lined with 
refractory. At the bottom are a number of burners arranged 
tangentially ; the flames develop in a spiral manner and the waste 
gases are evacuated through a central opening at the top. Above 
the burners are placed tuyeres, through which hot air (to prolong 
the flames or to cause oxidation) is blown. The particles of ore 
thus traverse a form of spiral from the top to the bottom in a 
turbulent atmosphere. As the waste gases are hot and carry 
valuable dust, they pass through a recuperator and a dust 
extractor (cyclone) ; the recuperator supplies the hot air for the 
tuyeres. Such a plant has been erected in Eastern France for the 
sintering of blast-furnace dust and pulverulent iron ores; this 
furnace is fired with coke-oven gas, and a temperature of 1,400° C. 
is reached. The material collects in a hopper at the bottom, and 
sinters together by simple contact ; the sinter produced, without 
pressure, is porous and hard, and is very suitable for charging 
into the blast-furnace. 

Progress in the Sintering and Sinter-Roasting of Ores. H. 
Wittenberg. (Periodic Review of the Metallgesellschaft, 1935, 
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May, No. 10, pp. 11-16). The merits of the various types of 
apparatus operating on the Dwight-Lloyd system, namely, 
stationary sinter pans, circular rotating pans and straight-line 
machines, are compared. Some examples of the application of 
these sintering machines in the roasting of iron ore and sulphide 
ores are cited. 

The Ore Loading Plant at the Harbour of the Ilseder Hiifte on 
the Mittelland Canal. (Demag News, 1935, vol. 9, July, pp.30-31). 
The main features of the ore loading equipment at the harbour 
of the Ilseder Hiitte are a mobile loading belt and a number of 
self-discharging ore cars. The cars discharge the ore on to the 
belt, which is carried by a travelling gantry, and the belt delivers 
the ore into adjacent barges. In this way a cargo of 2,500 to 
3,000 tons of ore daily is dealt with. 
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REFRACTORY MATERIALS. 





Utilisation of French Refractories in Metallurgy. D. Petit. 
(Revue de Métallurgie, Mémoires, 1935, vol. 32, July, pp. 282-292). 
After touching generally on the properties of refractories and 
methods of testing them, the author goes into more detail regarding 
the principal refractory materials used in metallurgy (siliceous, 
silico-aluminous, aluminous materials, so-called ‘‘ super-com- 
pressed ” products, special refractories, magnesia-base refractories, 
insulating bricks, lining material, cements and mastic), and 
concludes by giving a few examples of their use. His purpose is 
to show the importance of the French refractory industry. 

Difficulties in the Manufacture of Firebrick. C. R. F. Threlfall. 
(Sands, Clays, and Minerals, 1935, vol. 2, June, pp. 67-70). The 
difficulties which are met with in the manufacture of firebricks 
are chiefly these: Lack of uniformity in the raw materials ; 
variation in humidity ; unequal mixing of the ground clay and 
water. Vacuum mixing has been introduced in order to overcome 
the latter trouble. Drying no longer presents as many difficulties 
as was once the case, but further progress is both possible and 
desirable. 

Firing Clay Refractories with By-Product Coke-Oven Gas. 
C. E. Bales and W. T. Christian. (Bulletin of the American 
Ceramic Society, 1935, vol. 14, Aug., pp. 245-250). The kiln 
and pipe-line equipment and firing procedure adopted for firing 
clay refractories with by-product coke-oven gas are described. 
The gas has a calorific value of 550 B.th.u.; it is stated to be 
more economical than natural gas, and there is no difficulty 
in reaching the required high temperatures. A _better-looking 
and more uniform product is secured by the use of this fuel than 
by the use of coal. 

A New Application of the Ritex Process to the Manufacture of 
Chrome Brick. H. P. Heuer. (Steel, 1935, vol. 97, Aug. 19, 
pp. 22--25, 30). Ritex chrome brick is compared with ordinary 
chrome brick in respect of chemical analyses, density, refractoriness , 
crushing strength and volume stability. It is shown that Ritex 
chrome brick is superior to ordinary burned chrome brick, besides 
being more resistant to spalling and having a lower heat conduc- 
tivity. Ritex contains about 32 per cent. of magnesite, compared 
with about half this amount in ordinary chrome brick ; tests 
revealed that the magnesite present was to some extent responsible 
for the improved physical characteristics. During manufacture 
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Ritex brick undergoes sizing and bonding processes, but no kiln 
firing is adopted. As a substitute for burned chrome brick, or, 
in certain situations, for silica and magnesite brick, Ritex is 
claimed to be entirely successful. 

Magnesite and Magnesite Bricks. C. L. Rigby. (Sands, Clays, 
and Minerals, 1935, vol. 2, June, pp. 99-104). Supplies of 
magnesite are largely derived from Austria, Greece, Canada, 
British India, and Soviet Russia. The mineral is of two kinds, 
amorphous or crystalline. The former is used for building pur- 
poses, since it does not readily sinter; the crystalline variety 
contains impurities which induce vitrification when burnt at 
sufficiently high temperatures, and this renders it suitable for- 
refractories. The raw magnesite is dead-burned at 1,550°—1,600° C. 
in rotary kilns. It is allowed to disintegrate in storage bunkers, 
and is afterwards treated in mechanical separators, followed by 
grinding and screening. It is dampened with water and allowed 
to hydrate, then pressed into bricks, which are dried and 
burnt. 

Forsterite and Other Magnesium Silicates as Refractories. 
R. E. Birch and F. A. Harvey. (Journal of the American Ceramic 
Society, 1935, vol. 18, June, pp. 176-192). In a survey of mag- 
nesium silicates for use as refractories, experimental studies on 
talc, serpentine, olivine, and mixtures of these minerals with 
magnesia, are reported. Forsterite (2MgO.SiO,) is the only 
stable magnesium silicate capable of withstanding elevated 
temperatures. Olivine always contains tale and serpentine, and 
these provide a low-melting bond which causes the refractory 
to fail readily at high temperatures. If MgO is incorporated, 
however, the accessory minerals are converted to forsterite, and 
the resulting refractory possesses satisfactory properties. These 
properties—including refractoriness, volume stability, thermal 
expansion, chemical behaviour, &c.—are discussed. 

Dust Eliminated in Crushing Department of Inland Steel Co. 
(Iron Age, 1935, vol. 136, Aug. 22, pp. 28-29, 67). In grinding 
the refractory material at plant No. 1 of the Inland Steel Co., 
Indiana Harbour, Ind., U.S.A., a considerable amount of dust is 
produced. The methods of dealing with this dust are described. 

The X-Ray Detection of Tridymite in Silica Coke-Oven Bricks 
and its Technological Importance. K. Endell, U. Hofmann and 
E. Maegdefrau. (Gliickauf, 1935, vol. 71, Sept. 7, pp. 862-863). 
Koeppel has indicated that tridymite brick (that is, silica brick 
containing as much as possible of tridymite crystals) is the 
most suitable material for the construction of coke-ovens. The 
present authors touch on the detection of tridymite by means of 
X-rays, tabulate the properties of a so-called 100 per cent. tridy- 
mite brick and of a silica coke-oven brick made in the normal 
way, and indicate the inferences to be drawn. 
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An Apparatus for Investigating the Corrosive Action of Slags 
upon Refractory Materials. A. E. Vickers and R. A. Bell. 
(Journal of the Society of Glass Technology, 1935, vol. 19, June, 
pp. 1507T-155r). An apparatus for determining the resistance 
of refractory materials to the action of slags at high temperatures 
is described. It consists of a circular furnace lined with the 
refractory materials under test, and heated by a rotating blow- 
pipe supplied with gas and air under pressure. The slag is fed 
through the blowpipe flame, and impinges on the heated refrac- 
tories. The slag, in powdered form, is supplied continuously or 
intermittently. Some results on various refractories, using 
powdered glass as the slag, are included. 

Refractories for Foundry Use. W. J. Rees. (Institute of 
British Foundrymen, July 2 to 5, 1935: Foundry Trade Journal, 
1935, vol. 53, July 18, pp. 47-48). The considerations which 
determine the type of refractory used in the cupola, the conditions 
to which it is subject, and the properties which it is desirable 
that the materials should possess, all receive attention. The 
behaviour of rammed linings and of patching materials is briefly 
dealt with. 

Notes on the Texture of Refractories. Part I—Non-Regularity 
of Texture of Gasworks Fireclay Refractories and Its Possible 
Effect on Durability. T. F. E. Rhead and R. E. Jefferson. 
Part II.— Pictorial Methods of Recording the Texture of Refractories 
or Similar Materials. T. F. E. Rhead, J. N. Shorrock, and C. L. 
Evans. (Transactions of the Ceramic Society, 1935, vol. 34, 
Aug., pp. 363-379). In Part I. the authors make notes on cases 
of irregular texture which have come to their notice. Laminations 
they regard as injurious, being likely to give rise to slag penetra- 
tion, contraction and spalling. Improper pugging or forming of 
the clay mixture is shown to be responsible for many cases of 
poor texture. In Part II. methods of preparing the surface of 
refractory brick to enhance the contrast between solids and 
voids and obtain a permanent record are described. The most 
successful appears to be that of forcing in black molten wax 
under 30 atm. pressure of nitrogen. In another method ink 
impressions are suggested as a substitute for photography. The 
brick is ground, inked with printer’s ink, faced with roller 
composition, and an impression is taken on a similar slab of roller 
(gelatin) composition. From this slab a print is taken. The 
remarks of the authors of each section are illustrated by photo- 
graphs. 

Coke-Oven Door Brick. C. Koeppel. (Gliickauf, 1935, vol. 
71, Aug. 24, pp. 797-805 ; Aug. 31, pp. 830-834). The causes of 
the destruction of coke-oven door brick lie in sharp temperature 
changes and the precipitation of carbon within the material as a 
result of the decomposition of carbon monoxide. As the brick 
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on ovens with ends which are kept hot seldom cools below the 
critical temperature at which the expansion of silica suddenly 
alters, the ability of the brick to withstand rapid temperature 
variations no longer has the importance in modern ovens that it 
-had in older fireclay ovens. Of more importance to the life is the 
ability of the brick to stand up to the deposition of solid carbon. 
The destruction of a fireclay brick, which proceeds in separate 
stages, can be well followed in door bricks, which permit each 
stage to be observed. There are several ways of increasing arti- 
ficially the resistance of refractory bricks to the action of solid 
carbon: (1) Their decomposing effect on carbon monoxide may be 
reduced ; (2) their structural resistance to the mechanical force 
of the carbon may be increased ; (3) the temperature zone within 
which iron oxides accelerate the decomposition may be shifted to 
deeper-seated and less-endangered layers in the brick. The means 
necessary to these ends often influence adversely the resistance to 
sudden cooling, but, nevertheless, there are ways of maintaining 
this property at sufficiently high values. As a result of the close 
connection between the maximum carbon monoxide decomposition 
and the temperature interval between 400° and €00° C., in which 
iron oxides assist the breakdown of the gas, door bricks which are 
kept hot last longer than those on cold doors or oven ends. Thus 
there is a relationship between the temperature of the end flue and 
the life of the brick lining of the door. Ovens which are worked 
cool set the most difficult conditions, and these can be adequately 
met only by the very best door brick material. The production of 
such door bricks is difficult, and requires that consideration must 
be given to all the peculiarities of coke-oven operation. 

As simple tests for the suitability of door bricks the following 
may be used: Thermal expansion test, together with the deter- 
mination of the resistance to change of temperature and the pro- 
portion of mullite present; further, the determination of the 
oxide form of the iron contained in the fireclay. If a distinction 
be drawn between hot ovens (end flue temperature over 1,200° C.), 
medium-warm ovens (1,100°-1,200°) and cool ovens (end flue 
temperature below 1,100°C.), it is possible to draw up graded 
-qualities which will satisfy the three conditions. 

Malleable Furnace Refractories. L. C. Hewitt. (American 
Foundrymen’s Association, Aug., 1935, Preprint No. 13). A 
review of recent developments in malleable iron furnace refractories 
and their applications. 

Refractory Insulating Bricks as Structural. Materials for 
Modern Reheating Furnaces. E. Senfter. (Archiv fiir das Eisen- 
hiittenwesen, 1935, vol. 8, May, pp. 473-478). In non-continuous 
reheating furnaces—that is, those which are heated up during 
the heating of each charge and then cool off more or less before 
the next one—the total heat requirement is made up of that 
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needed for heating the material plus the wall losses and the heat 
absorption losses. In fuel-fired furnaces, the influence of the heat 
absorption is not indicated by the heat balance but by the dis- 
tribution of the heat requirements of the furnace. Investigations 
on reheating furnaces have shown that the heat absorption and 
wall losses account in general for 60 to 80 per cent. of the total 
fuel consumption. The extent of heat absorption is determined 
by the weight of the structural material ; insulating bricks are 
light-weight refractories, and they offer the combined advantages 
of low heat absorption and low wall losses. Their use in part or 
in whole for furnace structures brings considerable economies. 
For ordinary reheating furnaces, in which the heating period is 
about 20 hr. and the temperature 700° to 900° C., a change-over 
from the usual construction to the light form with insulating 
bricks may effect fuel savings of 50 per cent. or more. The cost 
of these light insulating refractories per cubic metre of wall is 
not much greater than that of ordinary construction. 

Modern Practice in Heat Insulation. C. Ellis. (Engineering 
and Boiler House Review, 1935, vol. 49, Sept., pp. 170-176). A 
review of the chief insulating materials available with some 
notes on their respective applications. 

Insulating-Refractory Lined Furnaces. J. G. Coutant. (Indus- 
trial Heating, 1935, vol. 2, Sept., pp: 522-524). It is shown that 
the replacement of fire-clay by insulating-refractory linings is 
likely to reduce the radiation losses and thermal capacity while 
increasing the efficiency of the furnace. 

Thermal Insulation of O.-H. and Electric Furnaces. (Foundry 
Trade Journal, 1935, vol. 53, July 25, pp. 60,74). This article is 
an English translation of an article on the above subject by 
S. Wohlfahrt and O. Ell published in Jernkontorets Annaler, 
1934. (See Journ. I. and 8.1., 1935, No. I. p. 327.) 

Insulation and Control of Open-Hearth Furnaces. W. C. Buell, 
jun. (American Institute of Mining and Metallurgical Engineers, 
1935, Technical Publication No. 641). This paper is in two parts. 
The first deals with the insulation of open-hearth furnaces. It is 
pointed out that if the full benefit of insulation is to be reaped the 
furnace must be of suitable design. The author proceeds to 
classify insulating materials as follows: Class A, comprising 
semi-refractories able to withstand loads at high temperatures ; 
Class B, comparatively weak insulating bricks for moderate 
temperatures ; Class C, comprising loose materials such as slag 
wool ; Class D, which includes cements and plasters ; and Class 
E, which includes concrete. He then briefly examines heat 
problems in which insulating materials are involved. The second 
part of this paper deals with the control of incoming fuel and of 
outgoing furnace gases. Methods of control (manual or mech- 
anised) are also dealt with. Finally, the author makes one or 
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two practical suggestions on the improvement of open-hearth 
furnaces. 

Glass Silk for Insulation of Heat and Sound. A. L. Forster. 
(Transactions of the Liverpool Engineering Society, 1935, vol. 
56, pp. 159-174). This paper includes an account of the nature 
of glass silk and of its properties as a heat insulator compared 
with those of other heat insulating media. 
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Temperature Correction in the Calorimetric Determination of 
the Calorific Value. W. Schultes and R. Niibel. (Wiarme, 1935, 
vol. 58, p. 15: Zeitschrift des Vereines deutscher Ingenieure, 
1935, vol. 79, Oct. 5, pp. 1207-1208). The authors discuss old 
formule and suggest new ones for correcting the temperature 
when using a calorimeter, to allow for the influence of the exchange 
of heat between the calorimeter and its surroundings. 

Twin Calorimeter for Small Heat Evolutions. H. Gawlick. 
(Zeitschrift des Vereines deutscher Ingenieure, 1935, vol. 79, 
Sept. 7, p. 1089). Brief illustrated particulars of this calorimeter 
are given. 

A Furnace for the Measurement of Coal-Ash Softening Tem- 
perature. E. P. Barrett. (American Society for Testing Materials, 
1935, Preprint No. 74). The author describes a furnace designed 
for the specific purpose of determining coal-ash softening tem- 
peratures and which is readily adaptable to measuring cone 
deformation temperatures up to 1,650°C. The furnace is of the 
horizontal muffle type and is so constructed as to permit the 
cones to be viewed against a background at a somewhat lower 
temperature, so that they are readily visible at all temperatures 
between 815° and 1,650° C. The advantages of this type of furnace 
over the conventional pot furnace are emphasised. 

Control of Forms of Iron in the Determination of Fusion 
Temperatures of Coal Ash. W. T. Reid. (Industrial and Engin- 
eering Chemistry, 1935, Analytical Edition, vol. 7, Sept. 15, 
pp. 335-338). The degree of oxidation of the iron in coal-ash 
slags affects the temperatures at which the various stages of 
fusion occur; hence control of oxidation is necessary in investi- 
gating the properties of such slags. The author devised an 
electric furnace which enabled the ash sample to be melted in an 
atmosphere of nitrogen; in this way oxidation of the iron was 
avoided. Determinations of the relation between flow temperature 
and the degree of reduction of the iron were made, the results of 


which are given. 
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Observations on the Fusibility of Coal and Coke Ash. S. 
Tweedy. (Coke Oven Managers’ Association, Sept. 10, 1935: 
Gas World, 1935, vol. 103, Oct. 5, Coking Section, pp. 9-14). 

Principles, Development and Examples of Thermotechnological 
Calculations. Part III.—Basis and Development of Formule for 
the Calculation of the Heat given up in the Furnace by the Fuel 
Gases. H. Schwiedessen. (Archiv fiir das EKisenhiittenwesen, 
1935, vol. 9, July, pp. 23-30). The present paper is a sequel to 
two earlier ones (see Journ. I. and 8.I., 1935, No. I. p. 328). 
The pre-calculation of changes in the fuel consumption that will 
arise out of changes in the construction or operation of a furnace 
is usually very difficult, and generally can only be done on the 
basis of the results of experience. Nevertheless, there are a few 
cases, where certain definite assumptions may be made, in which 
it can be done without the aid of such data ; they arise when the 
heat imparted to the charge, the cooling water and the walls 
of the furnace is the only factor that is varied. Practically the 
only way to alter these heat quantities is by varying (a) the 
combustion arrangements, (b) the preheating, or (c) the calorific 
value of the fuel, The author deals with the calculation of the 
change of fuel consumption under these conditions and gives 
examples. 

Combustion. H. A. Fells. (Yorkshire Junior Gas Associa- 
tion, Apr. 13, 1935: Gas World, 1935, vol. 102, May 18, Industrial 
Gas Supplement, pp. 10-14). The author enumerates the principal 
factors which govern the application of town gas to industrial 
heating, more especially with regard to the process of combustion. 
The optimum air/gas ratio, the influence of preheating, and the 
production of luminous flames, are considered in turn. The 
process of combustion is then dealt with, reference being made 
to the nature of the furnace atmosphere and of the combustion 
products. 

Fundamental Combustion Data Trace Path to More Efficient 
Use of Industrial Gas. E. O. Mattocks. (Steel, 1935, vol. 96, 
June 10, pp. 30-33, 64). Some of the points which emerge from 
researches carried out by the American Gas Association are 
recounted. The author outlines the elementary theory of gas 
combustion, and describes the flames obtained by the use of fully 
pre-mixed air, partly pre-mixed air, and unmixed gas flames. 
Curves showing the amount of oxygen necessary for complete com- 
bustion are reproduced. The author points out that, if necessary, 
combustion chambers could be made only just ldrge enough to 
house the flame ; he therefore suggests that a combustion chamber, 
a heat exchanger and a work chamber should all be used. Finally, 
the types of burner employed are dealt with. 

Influence of Dissociation on the Temperatures of Flames, 
L. Reingold. (Chaleur et Industrie, 1935, vol. 16, June, pp. 
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275-284 ; Oct., pp. 463-472). The author presents a mathemat- 
ical study of the influence of dissociation on the temperature of 
flames. He has obtained systems of equations of which the 
nomographic solutions enable the determination of the decrease 
of temperature from the theoretical temperature of combustion 
due to the effect of«lissociation and also of excess air. 

Doctrine Relative to Flame, Its Characteristic Temperature 
and Its Radiation. G. Ribaud. (Chaleur et Industrie, 1935, 
vol. 16, June, pp. 291-294). The author discusses the following 
points: Definition of flame; choice and definition of the 
theoretical temperature of combustion of a flame; physical 
data for gases, usual constituents of flames; calculation of the 
theoretical temperature of combustion ; and the part played by the 
radiation of gases in the thermal exchanges within industrial 
furnaces. 

Principles of Fuel Beds. P. Nicholls. (American Institute of 
Mining and Metallurgical Engineers, 1935, Technical Publication 
No. 629: Colliery Guardian, 1935, vol. 141, Aug. 2, pp. 191-193 ; 
Aug. 9, pp. 237-238). The types of fuel bed may be classified 
as follows: (1) Underfeed, in which the fuel and air move in 
the same direction; (2) overfeed, in which the fuel and air 
move in opposite dircctions : (3) crussfeed, in which the fuel and 
air move atright angles to eachother. Curves may bedrawn which 
enable the rate of ignition and rate of burning to be compared 
with the thickness of the bed and rate of air supply. The distri- 
bution of ash and coke in the fuel beds differs with the method 
of feed; curves may be plotted to demonstrate the differences 
between the underfeed and the overfeed types. 

Controlled Luminous Flame Affords Uniform Heating. J. B. 
Nealey. (Steel, 1935, vol. 97, Sept. 9, p. 39). A short note on the 
principle of controlled luminous flame heating is furnished. Gas 
and air are allowed to enter at ports in the furnace, the supply 
being regulated by valves; control over the velocity of the gas 
stream is established by introducing a mixture of air and waste 
gas. In this way the velocity of the furnace gases and the length 
of flame may be regulated. 

The Development of Convection Heating Equipment. 
(Industrial Heating, 1935, vol. 2, Sept., pp. 476-492). A short 
discussion of the principle of convection heating is followed by a 
review of the chief items of furnace equipment employed. 
Attention is devoted to the types of furnace (batch or continuous), 
the method of heating (direct firing, indirect firing, and electric), 
the fans and exhausters, and the conveyors, &c., for handling 
the materials. 

Practice in the Construction of High-Pressure Boilers. 
W. Seeberger. (Stahl und Eisen, 1935, vol. 55, Aug. 15, 
pp. 877-882). The author outlines the development of high- 
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pressure boiler plants for pressures of 60 and 120 atm., and 
describes experiences gained. The influence of the capacity, 
pressure and steam temperature on the design and construction 
of modern high-pressure boilers is shown by means of examples. 

The Development of the Benson System of Steam Raising. 
H. Gleichmann. (Stahl und Eisen, 1935, vol. 55, Aug. 29, 
pp. 930-932). The author indicates the best materials to use in 
the construction of various parts of the Benson boiler, and 
discusses the convertion of the power plant in metallurgical works 
to high-pressure operation. 

Twenty-Five Years’ Progress in the Scientific Control of Steam 
Boiler Plant. D. Brownlie. (Steam Engineer, 1935, vol. 4, 
June, pp. 368-382). The development of boiler control devices 
is sketched ; CO, recorders, boiler-feed meters, steam meters, 
coal weighing machines, oil and gas meters, and pyrometers are 
included in the instruments described. 

Waste-Heat Boilers in Open-Hearth Practice. (Iron and 
Steel Institute, Sept., 1935, Special Report No. 10). The report 
contains five sections. Section A is introductory, while Section B 
is a report of a waste-heat boiler trial at the works of the Park 
Gate Iron and Steel Co., Ltd. This includes a description of the 
furnace and of the methods of taking measurements, and an 
analysis of the results. The section which follows deals critically 
with the economics of waste-heat boiler operation, with particular 
reference to the influence of the furnace and regenerators. Section 
D, by A. F. Webber, deals with the design, installation and opera- 
tion of waste-heat boilers; among the subjects considered are : 
Alternative water-tube and fire-tube designs; the use of 
economisers ; the use of air heaters ; infiltration ; heat insulation ; 
feed-water treatment ; heat input; and boiler tube design. The 
final section is a historical summary of waste-heat boiler practice, 
to which is appended a bibliography. 

Waste-Heat Boilers in Gas Works Practice. W. Gregson. 
(Institution of Gas Engineers, June, 1935: Fuel Economist, 1935, 
vol. 10, July, pp. 921-927: Iron and Coal Trades Review, 1935, 
vol. 130, June 14, p. 1013). The problem of recovering heat from 
flue gases from the retort settings is discussed ; it is shown that 
there are limitations to the use of regenerators, and that if these 
are eliminated the heat may be effectively recovered in waste-heat 
boilers. The latter are dealt with in detail, particularly the re- 
spective merits of water-tube and fire-tube boilers and the efficient 
operation of the latter. 

Scientific Management as an Aid to Fuel Efficiency in the 
Iron and Steel Industry. S. L. Poole and E. C. Evans. (Fuel 
Economy Review, 1935, vol. 14, pp. 18-19). The ways in which 
efficiency may be improved and wastage reduced are briefly 
considered. 
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Some Modern Temperature Control Apparatus. (En- 
gineering and Boiler House Review, 1935, vol. 49, July, pp. 26- 
38). Some of the leading types of temperature control equipment 
are described and illustrated. These include control pyrometers, 
regulators of the thermo-relay type, and those depending on 
mercury expansion or thermostatic operation. 

Open-Hearth Temperature Control. E. Cook. (American 
Society for Metals, Oct., 1935, Preprint No. 27). The calibration 
and use of optical pyrometers in steel making are discussed. 
A working system of temperature control for the open-hearth 
furnace is suggested with reference to the limitations of instru- 
ments and melting practices. Operating data are presented, 
together with such items of plant practice as may be benefited 
by successful application of the methods. 

Automatic Control over Metallurgical Furnaces. J. K. Mawka. 
(Blast Furnace and Steel Plant, 1935, vol. 23, July, pp. 475-476). 
The author suggests that it is desirable to adopt automatic control 
of the furnace pressure and the fuel/air ratio. 

Recent Advances and Trend of Developments in Gas Measure- 
ment in Europe, as compared with America. R. Leonhardt. 
(Gas World, 1935, vol. 103, Sept. 7, pp. 188-192, 195). Modern 
gas metering practice in Europe is compared with similar practice 
in the United States. 

Organisation of the Gas-Volume Measurement at the Friedrich- 
Wilhelms-Hiitte, Mulheim. W. Hahn. (Stahl und Eisen, 1935, 
vol. 55, Sept. 19, pp. 1013-1015). The system of record cards 
used for calculating and recording the readings of gas measure- 
ments used at this works is described. 

The Trend of Electrification in the Steel Plants of the U.S.S.R. 
P. L. Litvin. (Iron and Steel Engineer, 1935, vol. 12, May, 
pp. 280-292). An outline of the progress of electrification in 
Soviet steel plants is given. Before the war steel plants were 
operated by manual and (occasionally) hydraulic or steam 
appliances. Since the war and the inception of the five-year plan, 
electric and automatic operation have been extensively 
adopted. 

A Graphical Method of Calculating Heat Loss through Furnace 
Walls. C. E. Weinland. (Transactions of the American Society 
for Metals, 1935, vol. 23, June, pp. 431-454). 

Heat Transmission in Some Types of Boilers. P. St. G. Kirke. 
(Journal of the West of Scotland Iron and Steel Institute, 1935, 
vol. 42, Feb., pp. 77-86). The author considers the rates of heat 
transmission in fire-tube and water-tube boilers. He then 
describes some results obtained with the use of “ Sinuflo ”’ fire- 
tubes. These tubes are sinuously shaped along the length of the 
tube. However, they are easy to clean, and the boiler efficiencies 
are high. 
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Study of Continuous Recuperators—Calculation of Heat 
Exchangers. Laffargue. (Chaleur et Industrie, 1935, vol. 16, 
July, pp. 339-344). A mathematical discussion of the 
characteristics of heat exchangers. 

Note on Cross-Current Heat Exchangers. A. Liebaut. (Chaleur 
et Industrie, 1935, vol. 16, June, pp. 286-290). The author has 
developed formule by means of which the thermal characteristics 
of cross-current heat exchangers can be calculated. 





COAL. 


British Coals, their Analyses and Uses. (Fuel Economist, 1935, 
vol. 10, July, pp. 946-947 ; Aug., pp. 977-979). Details which 
include the proximate analysis, sulphur content, calorific power 
and evaporative power, of a number of British coals are set forth, 
together with the names under which they are marketed. (See 
Journ. I. and §.1., 1935, No. I. p. 334). 

Coal and Capillarity. P. Nashan. (Gliickauf, 1935, vol. 71, 
Aug. 24, pp. 805-812). After describing the principle of the method 
employed, the author describes tests made to determine the 
capillarity of coals from various seams. The results show that 
the capillarity index is probably characteristic for each seam, and 
that seams can be collected together according to their capillarity 
into groups which correspond to the subdivisions based on the 
age of the coals. 

Studies in Coal by X-Ray Diffraction Methods. C. Mahadevan. 
(Quarterly Journal of the Geological, Mining and Metallurgical 
Society of India, 1935, vol. 7, No. 1 : Fuel in Science and Practice, 
1935, vol. 14, Aug., pp. 231-241). A brief introduction to the 
subject of X-ray analysis is followed by a description of the 
experimental procedure followed in studying coal samples. The 
author then proceeds to give the results of his investigations. 
He shows that vitrain, fusain and durain are each responsible 
for different varieties of diffraction pattern. The scattering index 
was found to be correlated with the sum of the moisture content 
and volatile matter rather than either individually. Experiments 
on dehydrated and volatile-free (presumably coked) coals suggested 
that scattering may be attributed to the presence of moisture and 
volatiles. The alpha, beta and gamma compounds obtained by 
benzene extraction were studied, and the two formér found to be 
nearly identical. In vitrain the ash appeared to be present in the 
colloidal form, and in durain it was partly colloidal and partly 
suspended ; in fusain the ash was in the coarse form. The results 
of comparative tests on coals of different geological periods are 
also reproduced. 
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Importance of Pulp Density, Particle Size and Feed Regulation 
in Flotation of Coal. J. T. Crawford. (American Institute of 
Mining and Metallurgical Engineers, 1935, Contribution No. 
86). 

The Shape and Specific Surface of Coal Particles. L. W. 
Needham and N. W. Hill. (Fuel in Science and Practice, 1935, 
vol. 14, Aug., pp. 222-230). The authors consider the problem of 
calculating the specific surface of small particles on the basis of 
the conception of the “ statistical mean shape.” For this purpose 
the parallelism of the surfaces was evaluated (by observation) 
and an examination of particle silhouettes was carried out. This 
enabled the surface area to be computed, and the values were 
compared with those obtained by a direct method—taking a 
mould in plasticine. The results, on particles from 14 in. down 
to 4 in. in size, were found to be in good agreement, and it is 
suggested that the statistical method may be applied to determina- 
tions involving much smaller particle sizes. The authors discuss 
the reliability of the formula used, on the basis of an examination 
of different types of coal. 

Innovations in Coal Preparation, 19383 and 1934. A. Gdotte. 
(Glickauf, 1935, vol. 71, June 15, pp. 553-562; June 22, 
pp. 582-590; June 29, pp. 601-609). A complete review of all 
aspects of innovations introduced into the preparation of coal 
during the years 1933 and 1934. Very numerous references to the 
literature of the subject are given. 

Note on the Estimation of Fusain in Coal Dusts. R. Belcher. 
(Fuel in Science and Practice, 1935, vol. 14, June, pp. 181-182). 
The fine dust obtained from de-dusting coals may be usefully 
admixed with coal before coking. The improvement of the quality 
of the coke may be attributed to the presence of fusain. The 
amount of fusain in the dust may be determined by oxidation and 
subsequent filtration; for the latter purpose it is convenient to 
use an iminersion filter, and this the author describes. The process 
of filtration is very much expedited by its use. 

The Selection of a Coal-Cleaning Plant. J. N. Williamson. 
(Colliery Engineering, 1935, vol. 12, July, pp. 227-229). It is 
shown that the selection of a coal-cleaning process depends 
primarily on the nature of the washability curves of the coal; in 
this connection, the character of the middlings product is usually 
the factor which determines the process employed. The physical 
character of the principal impurities, the absence or presence of 
salt, and the amount of surface moisture on the mined product 
are among the factors which govern the choice of wet or dry 
systems. It would appear that a combination of wet and dry 
processes is likely in many cases to prove the most successful. 

Bituminous Coal Cleaning in the United States. (Iron and 
Coal Trades Review, 1935, vol. 130, May 31, p. 946). This article 
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is based on a statistical survey of the methods adopted for cleaning 
American bituminous coals. 

The Grading and Classification of Coal. H. E. Mitton and 
D. T. Davies. (Institution of Mining Engineers, July 11, 1935: 
Colliery Guardian, 1935, vol. 151, July 12, p. 63). It is the 
opinion of the authors that the market for large coal is declining, 
and that the breaking and grading of coal are likely to become 
increasingly important. They suggest further, that greater care 
must be taken in preventing breakage in the transport and 
handling of the coal. 

The Pneumalic De-dusting of Coal. S. R. Berrisford and 
R. H. Allen. (North Staffordshire Institute of Mining Engineers : 
Colliery Guardian, 1935, vol. 151, July 12, pp. 55-58; July 19, 
pp. 99-100). The authors lay down certain conditions which 
they consider an ideal de-dusting plant should fulfil, and proceed 
to examine the salient characteristics of modern de-dusting plants. 
De-dusting efficiency is then treated; data derived from a 
de-duster test are furnished, and the efficiency curves are discussed. 
Finally, the effect of moisture and ash on the efficiency of operation 
are considered, together with the results of de-dusting the raw coal. 

The Washing of Coal by Gravity Separation. J. Griffiths. 
(Proceedings of the South Wales Institute of Engineers, 1935, 
vol. 51, pp. 199-233: Colliery Guardian, 1935, vol. 150, May 17, 
pp. 880-893 ; May 24, pp. 935-937). The washing of coal by the 
Chance process is outlined. The plant embodies the use of sand 
and water, the sand being kept in agitation so that it has the 
effect of increasing the specific gravity of the water and enables the 
lighter particles to float. Gravity separation takes place in a cone 
classifier, the fines having been previously extracted from the raw 
coal. Throughout the plant care is taken to minimise size degrada- 
tion ; it is stated to give very satisfactory results. 

The Cleaning of Coal by Means of Dense Media. C. Berthelot. 
(Revue de |’Industrie Minérale, Mémoires, 1935, No. 349, July 1, 
pp. 299-316). The author presents a study of the theory and 
practice of coal-cleaning by means of dense media ; the viscosity 
of these media, its variation and means for preventing it ; and the 
physical stability of a dense medium composed of water, barytes 
and clay. He describes the plant at the Sophia-Jacoba Colliery, 
Holland, where the de Vooys process is in operation; the 
purification and stabilisation of the medium; the operating 
results, and the working costs. He concludes with a reference to 
the preparation of very pure coal and the separation of fusain, 
and the construction of a modern washery. 

The Response of Coal-Cleaning Practice to the Demands of 
Modern Mining. G. Rau and F. F. Ridley. (Institution of 
Mining Engineers, July 11, 1935: Colliery Guardian, 1935, 
vol. 151, July 12, pp. 51-54). The development of mechanised 
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mining methods and the demand for improved quality in the coal 
produced, have necessitated special attention being paid to the 
methods of cleaning and grading coal. Wet cleaning, by jigs or 
troughs, is applicable in many cases, but if the raw coal is 
sufficiently dry, pneumatic cleaning may be suitable. If a hich- 
grade product is required, or if the inherent ash is high, gravity 
separation should be adopted. Fines may be treated by flotation 
or by tabling. In wet-washing processes slurry formation is greatly 
reduced if the coal is subjected to a preliminary de-dusting 
operation. Wet washing of large coal and dry cleaning of fines 
appears to be the logical direction in which progress may be 
expected. 

The Hoyois Washery at Rockingham Colliery. T. Sinclair. 
(Colliery Guardian, 1935, vol. 150, May 17, pp. 887-890). The 
washer is stated to be the first of its kind erected in Great Britain 
It is designed for a capacity of 80 tons per hr. of slack, 4-in. to 0-in., 
the main units being a Lessing de-duster and the Hoyois washer 
for dealing with the de-dusted coal. The plant is linked with an 
existing washery for the treatment of 3-in. to }-in. coal. 

The New Preparation Plant at the Rising Sun Colliery. K. C. 
Appleyard. (Institution of Mining Engineers, July 11, 1935 
Colliery Guardian, 1935, vol. 151, July 12, p. 59). The plant 
is designed to handle a throughput of 160 tons per hr. of 4-in 
to 0-in. coal. The coal is sized on jigging screens, and the oversize 
(4-in. to 1-in.) passes to a washery, and is subsequently sized for 
the market. The undersize (1-in. to 0-in.) goes to a dry-cleaning 
plant and de-duster. To meet the demand for high-quality small 
coal (below }-in.) this may be separately treated by washing, and 
the fines improved by flotation. A thermal drier is incorporated 
in order to reduce the moisture content of the cleaned coal, and 
blending equipment is also included. 

Dry Cleaning at Silksworth Colliery. (Colliery Engineering, 
1935, vol. 12, June, pp. 195-198, 209). The plant is designed to 
treat 130 tons of raw coal per hour, from 2-in. to zero size. The 
coal is screened on four Hummer units, giving progressive sizing. 
The sized material is treated by Super Vee machines, and the 
coal below 4;-in. is dealt with in fines separators. In order to 
reduce breakage, Redler conveyors have been incorporated. 

New Screening and Dry-Cleaning Plant at Baddesley Colliery. 
(Colliery Engineering, 1935, vol. 12, Sept., pp. 289-292). Dry 
Cleaning Plant at Baddesley Colliery. (Iron and Coal Trades 
Review, 1935, vol. 131, Oct. 4, pp. 553-555). The chief features 
of the plant are the screens and belts which form the main items 
of equipment, the pneumatic dry-cleaning plant and the cyclones 
which serve them. 

Coal Slurry Treatment with ‘‘ Unifloc’’ Reagent. (Fuel 
Economist, 1935, vol. 10, June, p. 891). Treatment of Coal 
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Slurry. (Iron and Coal Trades Review, 1935, vol. 131, Aug. 16, 
pp. 233-235). ‘“‘ Unifloc ” is a flocculating reagent for use on coal 
slurries and colloidal suspensions. It is in use at the Emlyn 
Anthracite Colliery, Ltd. In this plant from 8,000 to 10,000 gal. 
of water per hr. are clarified by flocculation, and from 35 to 40 
tons of fine coal are recovered. The flocculating plant is stated 
to operate on a profitable basis and is efficient in use. 

The Propagation of a Zone of Combustion in Powdered Coal. 
H. E. Newall. (Fuel in Science and Practice, 1935, vol. 14, 
June, pp. 160-167). Samples of coal dust were elutriated and the 
sizes of the particles in each fraction were measured micro- 
scopically, the specific surfaces being then calculated. These 
values were plotted against the times of propagation of a zone of 
combustion through the dusts, and against the amounts of oxygen 
reacting with the coals during 2 hr. at 200°C. The volume of 
oxygen absorbed increased with increasing specific surface, but 
was not directly proportional thereto. Up to a certain limit an 
increase in fineness augmented the rate of propagation of com- 
bustion. To determine the relative ease of oxidation the fineness 
of the dusts must be standardised. However, after a certain 
period of grinding the time of combustion assumes a value which 
is not altered by further subdivision of the particles. It would 
appear possible to measure the relative tendencies of coals to 
oxidation by the limiting time of propagation of a zone of com- 
bustion along a standard “train ’’ of coal dust under 200 mesh. 
(See Journ. I. and §.I., 1935, No. I. p. 338). 

Pulverised Coal as a Standard Industrial Fuel. H. D.. 
Tollemache. (Fuel Economy Review, 1935, vol. 14, pp. 21-24). 
It is pointed out that although pulverised fuel firing has many 
advantages the necessity for installing grinding plant has hitherto 
militated against its use. This drawback no longer exists, since it 
is now possible to obtain powdered fuel in bulk. 

Firing Furnaces with Pulverised Fuel. (Iron and Coal Trades 
Review, 1935, vol. 131, Sept. 13, p. 385: Foundry Trade Journal, 
1935, vol. 53, Sept. 19, pp. 208, 218). Pulverised fuel firing has 
been installed in the air furnaces at the Empire Works of the 
British Chilled Roll and Engineering Co., Ltd., Middlesbrough. 
So far, the system has been applied to a 12-ton furnace previously 
fired with solid fuel ; the furnace has been sufficiently successful 
to warrant the conversion of two others (of 20 and 10 tons capacity) 
to this type of firing. 

The Importance of Electrofilters in the Workirfg of Modern 
Pulverised Fuel Boilers. F. Rathert. (Periodic Review of the 
Metallgesellschaft, 1935, May, No. 10, pp. 17-22). The adoption of 
pulverised fuel firing in modern boiler installations has rendered it 
necessary to install a suitable form of apparatus for the removal 
of flue dust, since the problem of dust entrainment is much more 
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serious with this type of firing than with lump coal firing. The 
particles of dust are so small—much of it being below 20. in diam. 
—that only electrostatic precipitation will give the required degree 
of cleanliness. It is profitable to blow the dust back into the fur- 
nace, where the remaining combustible matter is consumed and the 
ash converted into slag; furthermore, no expense on account of 
dust removal is incurred. An installation in operation at 
Papeteries de Genval is described, and data concerning a number 
of other plants are also furnished. 

The Briquetting of Small Coal. J. B. M. Mason. (Sands, 
Clays and Minerals, 1935, vol. 2, June, pp. 110-119). The binders 
which are used in the production of coal briquettes are examined 
from the point of view of suitability, and the author goes on to 
describe the Tilmanstone briquette plant. The small coal is 
screened through #-in. mesh and mixed with crushed petroleum 
bitumen ; from 3 to 10 per cent. of this binder is incorporated, 
and about 14 per cent. of an emulsion. The mixture goes to a 
disintegrator to be blended, and is conveyed to two cylindrical 
heaters, heated with steam at 450° F. It enters a pug mill and 
drops between two rolls which mould the mixture into ovoid 
briquettes. Rectangular briquettes are made in a press. The 
products must pass certain tests for hardness, shatter and free- 
burning ability in order that they may prove suitable for the 
domestic market. 





COKE. 


Investigations on Saar Coals from the Point of View of Raw 
Material and Coking Technique. H. Hoffmann and F. L. Kiihlwein. 
(Gliickauf, 1935, vol. 71, July 6, pp. 625-639; July 13, pp. 
657-664). The authors present the results of an investigation 
of the petrographic constituents of Saar coals and their influence 
on the coking process. 

The Pishel Rapid Test for Determining the Cokability of Coals. 
H. Romberg. (Gliickauf, 1935, vol. 71, June 15, p. 569). In 
Pishel’s proposed method, a small quantity of coal is ground in 
an agate mortar; on tipping it out again the degree of its 
adherence to the mortar is noted. The more strongly and closely 
it sticks to the mortar, the better is its cokability. The present 
author has tested the applicability of this method to German 
coals. He found, however, that, though in many cases there 
was a connection between the adherence of the powdered coal 
to the mortar and the cokability, yet there were a great many 
cases where this was not so, and he concludes that the test is 
unsuitable for German coals. 
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The Reaction of Bromine with a Coking Coal, Including a 
Study of its Unsaturation. J. F. Weiler. (Fuel in Science and 
Practice, 1935, vol. 14, July, pp. 190-196). The rate of reaction 
of a coking coal with bromine in carbon tetrachloride solution is 
shown to be practically independent of particle size (between ly 
and 100 mesh) and almost the same for dried and undried samples. 
Also, it was nearly the same for the residue from the petroleum 
ether insoluble fraction of a benzene pressure extraction as for 
the original coal. Reaction occurred by both substitution and 
addition, the former predominating. Approximately two-thirds 
of the bromine combining with coal was hvdrelysed by alcoholic 
potassium hydroxide solution and was therefore linked to aliphatic 
carbon atoms. 

Carbonising Properties and Constitution of Alma Bed Coal 
from Spruce River No. 4 Mine, Boone County, W. Va. A. C. 
Fieldner and others. (United States Bureau of Mines, 1935, 
Technical Paper No. 562). 

A Coke-Oven Reorganisation in Durham. (Coal Carbonisation, 
Supplement to Colliery Engineering, 1935, June, pp. 10-15). 
The Mid-Durham Carbonisation Co., Ltd., has erected a new 
battery of 50 Still ovens and adapted its by-product plant to 
meet the increased yield from an additional 150 tons throughput 
per day. The alterations made and new items of equipment 
installed are described. 

The Improvement of the Yield of Benzol from Coke-Ovens. 
F. Rosendahl. (Montanistische Rundschau, 1935, vol. 27, May 16, 
pp. 15-16). A brief review of a number of processes devised for 
increasing the benzol yield from coke-ovens. 

Influence of Interior and Roof Evacuation on the Yiell of 
Coking Products. W. Litterscheidt and W. Reerink. (Gliickauf, 
1935, vol. 71, May 18, pp. 461-470). The authors describe tests 
made on the Still process of interior evacuation of the distillation 
products from the coke-oven and the Goldschmidt and Tillmann 
process of roof evacuation, to determine to what extent these 
methods improve the yield of products. The coking coal used 
contained 18-2 per cent. of volatile matter. With interior 
evacuation, the calorific value of the gas was slightly lower, 
which was balanced by a certain economy of heating gas. The 
composition of the gas was not markedly different from that of 
gas evacuated in the normal manner; the volume and com- 
position of the “interior ’’ gas was closely dependent on the 
negative pressure, measurable quantities being obtained only 
with a suction of 20 mm. water gauge. The yields of crude benzol 
and light oils in the tar were increased ; this increase was due to 
the presence of greater quantities of low- and high-boiling fractions, 
for the yield of pure benzene was lower. The tar produced was 
also increased ; it contained a particularly high proportion of 
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constituents boiling at up to 200°C., and much less pitch than 
does normally produced tar. Less ammonia was produced ; the 
amount and condition of the coke were unchanged, though the 
coke abrasion seemed to be less. The coking period was shortened. 
The tests results obtained with roof evacuation did not differ much 
from those obtained under normal conditions. The deviations 
were not all in the same direction, and they may possibly be due 
to unavoidable experimental differences. 

The Production in the Coke-Oven of Oils and Tars from Coal. 
G. E. Foxwell. (Gas World, 1935, vol. 103, Sept. 7, Coking 
Section, pp. 9-12). The author shows that the results of laboratory 
tests on the oil and tar yield from coals points to a process of 
continuous chemical reaction. He then examines the effect of the 
path of travel of the volatile matter evolved, and in this connection 
discusses the influence of devices such as the Goldschmidt top 
channel on the output of benzol and other volatiles. 

Increasing the Yield of Light Spirit—I. A. Jenkner. (Coal 
Carbonisation, Supplement to Colliery Engineering, 1935, vol. 1, 
June, pp. 6-9). In this article it is shown that the conditions 
of distillation of coal—and particularly the path taken by the 
gases—have a considerable influence on the yield of light spirit. 
The advantages of top flues of the Goldschmidt type in this con- 
nection are stressed, and an account of an investigation on a twin- 
flue Otto oven, in which the gas travel was shortened by building 
in an iron pipe, is furnished. This gave a decreased vield of 
benzol ; experiments were therefore undertaken so as to introduce 
additional cracking by means of an electrically-heated gas flue. 
Full-scale experiments indicated an improved yield. 

Increasing the Yield of Light Spirit—II. A. Jenkner and 
L. Nettlenbusch. (Coal Carbonisation, Supplement to Colliery 
Engineering, 1935, vol. 1, July, pp. 27-30). In this article the 
influence of additional cracking on the yield of benzol is con- 
sidered ; a laboratory apparatus to investigate the effect of 
additional cracking on the yield of by-products is described, and 
some results obtained by its use are reproduced. In conclusion, 
it is pointed out that, owing to the varying carbonising conditions 
which always exist in practice, the benzol yield is not always 
increased by building top flues into the ovens. The most favour- 
able conditions are attained when the top flues can be heated 
independently of the oven chambers. Additional cracking of the 
gases from the low-temperature carbonisation of coal leads to a 
reduction of both light spirit and tar yields, accompanied by a 
marked increase in the content of heavy hydrocarbons in the 
low-temperature gas. 

Basic Data on the Question of Roof Evacuation. H. Kreuger, 
B. Hofmeister, and E. Krebs. (Gliickauf, 1935, vol. 71, Mar. 9, 
pp. 221-230). At many coke-oven plants nowadays, the gas 
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is evacuated from the coke-ovens through a flue built into the roof, 
and increased benzol yields are obtained. Previously it has been 
believed that this increased yield was due to the protection of 
the gas from thermal effects likely to cause breakdown ; calcula- 
tion of the time of sojourn of the gas in the oven shows, however, 
that roof evacuation does not shorten the stay of the gas in the 
oven, but that through it the gas undergoes after-treatment at 
cracking temperatures. Laboratory tests show that this thermal 
after-treatment can increase the benzol yield, but its effect is 
largely dependent on the extent to which reactions due t> heat 
have proceeded in the oven; the ultimate yield of benzol repre- 
sents the balance of concurrently proceeding reactions of formation 
and breakdown. Further tests show what changes may be under- 
gone by benzol, toluol and xylol in the coke-oven atmospheres at 
temperatures between 500° and 1,000° C. ; the substances produced 
are described, and it is demonstrated that at the usual tempera- 
tures no decomposition occurs in the gas-collecting space. An 
oil derived from an “ interior ” tar from a Still oven was submitted 
to the same treatment as benzol and its homologues under 
conditions similar to those reigning in the roof flue, and the 
formation of low-boiling-point hydrocarbons was observed ; their 
nature and amounts are described. The path of the gas in the 
oven is discussed, and it is shown on the basis of the results 
obtained that the increased benzol yield is explicable bv the 
cracking theory. The authors conclude by describing an effect of 
the roof flue not previously observed. In an oven of the ordinary 
type, particularly with short coking periods, considerable gas 
pressure differences occur which lead to the passage of the raw 
gas into the heating flues. By evacuating the gas through a roof 
flue these pressure differences are largely avoided, so preventing 
the passage of the gas into the heating flues, and the consequent 
loss of products. 

Gas Suction at the Crown of Coke-Ovens. (Iron and Coal 
Trades Review, 1935, vol. 130, May 31, pp. 945-946). An English 
abstract of the foregoing article by Kreuger, Hofmeister, and 
Krebs. 

New Adaptations of Old Distillation Processes. (Coal Carbonisa- 
tion, Supplement to Colliery Engineering, 1935, June, pp. 3-5). 
The various attempts made to recycle the distillates are con- 
sidered, and the main features of the Knowles process for coking 
blended and feebly coking coals are examined. 

Development of Low Temperature Carbonisation during 1934. 
F. 8S. Sinnatt. (Fuel Economy Review, 1935, vol. 14, pp. 3-4). 
The progress of low-temperature carbonisation during 1934 is 
briefly surveyed. 

Combined Low-Temperature Carbonisation and Combustion. 
D. Brownlie. (Steam Engineer, 1935, vol. 4, Aug., pp. 465-468). 
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An account of experimental work in connection with combined 
carbonisation and combustion plants now being carried out by 
J. S. Morgan at Roderidge Hall, near Wingate, County Durham, 
is given. Two processes have been evolved. In the first—which 
is primarily intended for the operation of large water-tube boiler 
plants provided with travelling grate stokers—the stokers of one 
boiler are run at a much higher speed than normal in order to 
deliver incandescent coke at the end instead of ash and clinker. 
This red-hot material is mixed with raw coal in a rotary mixer, 
so as to give very rapid low-temperature carbonisation, in about 
15 min., say, the gases and vapours being discharged to a by- 
products plant. The coked fuel is burnt on the travelling grates 
of adjoining stokers, together with the residual gas. The second 
process is intended for smaller industrial steam generation plants. 
A charge of coal is introduced into a container rather like a con- 
crete mixer but lined with firebrick. The coal is ignited and a 
blast of air is admitted at the base to gasify (partially) the coal. 
Another charge of raw coal is added and the container is rap'dly 
rotated, the raw and red-hot coal being thoroughly mixed. Rapid 
carbonisation takes place, the gases evolved being led away to a 
recovery plant. The charge is “ blown” again, and the coked 
produced is discharged periodically to be used under steam boilers. 

Low-Temperature Carbonisation Ovens. Fuels and Motor 
Fuels. E. Marcotte. (Arts et Métiers, 1935, vol. 87, May, pp. 
105-109; June, pp. 124-128). After a general discussion of 
various matters related to the low-temperature carbonisation of 
coal, the author deals with the technique of the process and 
reviews a number of types of plant. 

The ‘‘ Suncole ’? Low-Temperature Process. (Coal Carbonisa- 
tion, Supplement to Colliery Engineering, 1935, vol. 1, July, 
pp. 38-40, 43). Particulars are given of the scheme developed 
by British Coal Distillation Ltd., for producing domestic fuel 
from non-coking duff. The coal is carbonised in a retort con- 
sisting of a rotating inclined steel drum, containing steel tubes 
through which the coal travels, and heated by hot inert gases at 
650° C., which pass both inside and outside the tubes. The coking 
time is 24 hr. and the hot residual coke is conveyed to a heat 
exchanger where its sensible heat is yielded to wet, washed coke. 
The coke is washed, dried and briquetted with pitch, the briquettes 
being stoved at 550° C. for 40 min. to harden them and drive off 
the volatiles. The plant is stated to be capable of operating on a 
profitable basis. 

The Electrical Distillation of Coal. C. Ficai. (Chimie et 
Industrie, 1935, vol. 34, July, pp. 22-28). The author first refers 
briefly to the few attempts that have been made to distil coal 
electrically, and then gives an account of his own experiences in 
this field. The advantages which this process may possess depend 
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essentially on the local conditions, so that in certain cases the 
method of distillation might supplement that employed in a gas 
works, but could never replace it. 

Removal of Benzol from Coke-Oven Gas by Refrigeration. 
(Coal Carbonisation, Supplement to Colliery Engineering, 1935, 
vol. 1, Sept., pp. 72-74). This is an article translated from 
“L’Industrie Chimique Belge.” Refrigeration is an attractive 
method of removing benzol from coke-oven gas. It is accom- 
plished by combined pressure and cold ; the stages are: (a) Com- 
pression of the benzol-bearing gas; (6) primary cooling; (c) 
further cooling by heat exchange; (d) final refrigeration ; (e) 
expansion of the benzol-free gas. In the first stage the gas is 
compressed to about 60 lb. per sq. in. (or less) by means of turbo- 
compressors ; in the second stage the gas is cooled to about 
20° C. by circulating it through water-cooled tubes; in the two 
succeeding stages the gas is reduced to — 20° C. by heat exchangers, 
the temperature being further reduced to —- 40°C. by ammonia 
refrigerators. The benzol-free gas flows through the heat 
exchangers and cools the incoming benzol-bearing gas; it is 
then allowed to expand. A recovery of 92 to 94 per cent. is 
claimed, and if liquid ammonia is already available this may be 
used as the refrigerating agent. 

The Ternary System Sulphuric-Acid/Ammonium-Sulphate/ 
Water.—Application to the Recovery of Ammonia in Coke-Oven 
Plants. P. Locuty. (Revue de |’Industrie Minérale, Mémoires, 
1935, No. 348, June 15, pp. 275-297). The author presents a 
study of the ternary system (NH,),SO,/H,SO,/H,O in the tem- 
perature interval 10° to 90°C. Various acid salts have been 
examined and their limits of stability determined. Evidence has 
been found for a new salt, 4(NH,),SO,. H,SO,, and a zone of 
solid solutions of (NH,),SO, with either 3(NH,),SO,. H,SO, or 
4(NH,).SO,.H,SO,. From this study emerge the following 
points regarding the recovery of ammonium sulphate in coke- 
oven plants: (a) The production of neutral sulphate becomes 
easier as the temperature is raised ; (b) the maximum content of 
H,SO, in the saturated solution from which neutral sulphate can 
be obtained varies with the temperature; at 75°C., the usual 
working temperature, it amounts to 18 per cent. 

Investigations to Explain the Process of the Thickening of 
Wash Oil. F. Schulte. (Gliickauf, 1935, vol. 71, July 13, pp. 
653-657). From his experiments on the thickening of wash oil, 
the author concludes that sulphuretted hydrogen has the greatest 
effect on wash oil at high temperatures; next comes oxygen, 
and its influence is stimulated by the catalytic action of iron and 
iron compounds. Phenol favours the thickening process. At 
raised temperatures, even in nitrogen atmospheres, wash oil is 
not completely stable. Continuous regeneration of the same 
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wash oil considerably increases the period of utility in a given 
plant. The regenerated wash oil has an increased power of 
absorbing benzol, so that the efficiency of washing is improved. 

The Continuous Regeneration of Benzol Wash Oil. A. Thau. 
(Gas World, 1935, vol. 103, Aug. 3, Coking Section, pp. 12-14). 
It is pointed out that in the operation of a benzol plant thickening 
of the wash-oil is almost inevitable ; it is necessary, therefore, to 
adopt some method of renewal or regeneration. In the Weindel 
process continuous distillation is employed. The distillation is 
effected under vacuum at a reduced temperature, and gas intro- 
duced into the still under pressure serves to agitate the boiling 
wash-oil. The residue formed has the characteristics of a normal 
briquetting pitch. The regenerated wash-oil is returned to the 
benzole plant. The use of this regenerating plant is said to lead 
to a higher yield of benzole and a lower consumption of 
steam. 

The Reactivity of Coke. A. Reis. (Chimie et Industrie, 
1935, vol. 33, June, pp. 1297-1306). The part played by 
“reactivity ’’ in the various uses to which coke is put has been 
studied by many investigators, but the results obtained do not 
agree. Definitions of reactivity are based on the speed of the 
reaction of the coke with either carbon dioxide or air at raised 
temperatures under prescribed conditions, and numerous methods 
have been devised for measuring the reactivity in small laboratory 
furnaces. There are several processes capable of characterising 
the types of cokes, but they give far from comparable results 
among themselves. The -problem of coke reactivity is very 
complex: it depends both on the chemical character of the 
coke and on its porous structure. By modifying the previous 
treatment of the coal or the mode of operation of the coke-oven, 
the reactivity of the resulting coke can be raised or lowered 
considerably, and in this way the production of cokes of well- 
defined qualities, well suited to the uses for which they are requir ed, 
can be assured. 

Coking Coals for Carbonisation. J. Roberts. (Coal Carbonisa- 
tion, Supplement to Colliery Engineering, 1935, vol. 1, Sept., 
pp. 79-81, 84). The author attributes the strength and high 
shatter index of metallurgical coke partly to the deposition of 
graphitic carbon on the cell walls, but mainly to the thickness of 
the cell walls. Thick walls tend to produce lumpy rather than 
columnar pieces of coke; the melting and intermixing points of 
the coals also influence the physical character of the coke, while 
blending has quite a powerful effect. 

The Preparation, Marketing and Utilisation of Coke. W. L. 
Boon. (Institution of Gas Engineers, June 6, 1935: Gas World, 
1935, vol. 102, June 1, pp. 585-588). The author deals with 
quenching, dry-cooling, conveying, cutting and screening, breeze 
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production, storage and grading in connection with gasworks 
coke. Marketing and utilisation are also discussed. 

Transhipment of Coke in Storage Yards. (Demag News, 
1935, vol. 9, May, p. 31). The handling of coke during transfer 
from the storage yard, where the material is generally stored as 
large dumps, requires the use of an efficient grab. The “ Polyp”’ 
grab, consisting of eight shells which readily dig into the coke, 
is stated to be an efficient form of coke grab for this type of work. 
It is slung from a jib and may be mounted on a rail travelling 
gear or on a caterpillar track. 





GASEOUS FUEL. 


Natural Gas in Steel Plants. K. Emmerling. (Iron and Steel 
Engineer, 1935, vol. 12, June, pp. 337-341). The author is of 
the opinion that although natural gas may be more expensive in 
first cost there are many circumstances in which its use may prove 
economical. The application of natural gas to the firing of 
open-hearth furnaces is dealt with; reference is made to the 
design of gas ports and the control of fuel input to the furnace, and 
certain principles essential to the proper operation of natural- 
gas-fired open-hearth furnaces are enumerated. It is shown that 
natural gas can readily be applied to the heating of soaking pits 
and reheating furnaces if only suitable designs are alopted. The 
use of luminous-flame burners of small size and the introduction 
of positive furnace-atmosphere control have enabled this fuel to 
be applied to annealing furnaces most successfully. 

New Gas Producer Plants for Coke-Ovens. (Demag News, 
1935, vol. 9, May, pp. 24-31). The development of long-distance 
gas transmission has left certain producers with a surplus of 
coke. The breeze and coke waste may be economically gasified 
and the resultant gas used instead of coke-oven gas for heating 
the coke-ovens, thus effecting a saving in the consumption of 
high-grade coke-oven gas. In this article such a gas producer 
installation is described. The producers are of the revolving grate, 
water-sealed, water-cooled, mechanically fed type. The gas 
issues at €00° C. and is cleaned and cooled before passing to the 
coke-ovens, waste-heat boilers being used to extract the sensible 
heat. Electric grabs deliver the coke to the producers. The results 
obtained have fully realised the expectations of the designers. 

Theoretical Study of Gasification. P. Coste. ‘ (Revue de 
Métallurgie, Mémcires, 1935, vol. 32, May, pp. 225-229). The 
author presents a theoretical discussion of the reactions which 
take place in gas producers. 

The De-Dusting of Cold Gases. L. Lahoussay. (Revue de 
’Industrie Minérale, Mémoires, 1935, No. 350, July 15, pp. 343- 
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353). A general discussion of the methods employed for de-dusting 
“cold gases,” that is, gases at temperatures below 100° C., a 
problem encountered in plants such as coal screening or cleaning 
plants, drying ovens, crushers, &c., where this must be done before 
releasing the gas or air into the atmosphere or before using it 
again. Whereas the waste gases from furnaces generally contain 
dust of no commercial value, in the present case the recovery of 
the coal dust is of importance. Wet, dry and electric methods 
of de-dusting are considered. 

Electrostatic Precipitation for Cleaning Industrial Gases. 
H. W. Wagner. (Fuel Economist, 1935, vol. 10, June, pp. 895- 
899; July, pp. 942-945; Aug., pp. 971-973). Electrostatic 
precipitators make use of the ionisation of the gas brought about 
by a high-tension discharge. The dust particles become ionised 
dispersoids and are propelled towards the receiving electrode 
by electrostatic force. It is possible in this way to secure the 
precipitation of very fine dust with efficiencies of almost 100 per 
cent. Commercial precipitators are of the plate or tube type. 
The discharge electrodes are of fine wire, tensioned by weights and 
prevented from oscillating by being clamped together at the free 
ends. The wire should be strong enough to withstand the 
mechanical stresses imposed, but fine enough not to require 
excessive operating voltages. Square wires have been found to 
be very effective. The dust is released from the electrodes by 
rappers. The electrical equipment consists of a transformer and 
rectifier ; the latter may be of four types: (1) the mechanical 
rectifier, (2) the valve, (3) the d.c. generator, (4) the metal 
rectifier. The author describes some typical installations. 

Gas Cleaning and Sludge Recovery. IF. Wille and A. Mohr, 
jun. (Blast Furnace and Steel Plant, 1935, vol. 23, Aug., pp. 
529-532). New Gas Cleaning System Uses Hot Washing Stage. 
F. Wille and A. Mohr, jun. (Steel, 1935, vol. 96, May, 13, 
pp. 42-43, 56). The Simplex gas cleaning and sludge recovery 
system is described. The gas is cleaned in two stages : (1) The hot 
washing, humidifying and conditioning stage; (2) the con- 
densing and cooling stage. The sludge formed during the hot 
stage is removed by means of a diaphragm pump. In stage (1) 
the gas is rough cleaned by hurdles and settling pans, and is 
passed through a Bassler rotor. In stage (2) the gas is cooled, 
whereupon the moisture condenses on the fine dust and so pre- 
cipitates it. The condensing and cooling equipment consists of 
two banks of static hurdles and a Bassler rotor. 

Some Experiences in the Purification of Coke-Oven Gas. 
J. R. Marshall. -(Coke-Oven Managers’ Association, May 3, 
1935 : Gas World, 1935, vol. 102, June 1, Coking Section, pp. 
58-60: Iron and Coal Trades Review, 1935, vol. 130, June 28, 
p. 1095). An account is furnished of some practical difficulties 
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met with in removing H,S from coke-oven gas, using iron oxide 
as a purifier. 

The Klénne Waterless Gasholder. W. A. Harper. (Wales 
and Monmouthshire Association of Gas Engineers and Managers, 
July. 8, 1935: Iron and Coal Trades Review, 1935, vol. 131, July 
26, p. 125: Gas World, 1935, vol. 103, July 27, pp. 70-72). The 
advantages of this type of holder over the water-seal type are 
stated to be: Lighter weight and lighter foundations ; smaller 
ground area; an almost uniform gas pressure is maintained ; 
the gas is in a dry condition ; the maintenance required is less. 
The shell of the holder is constructed of ?-in. steel sheets riveted to 
a frame of joists and columns. Within the shell is a sliding piston 
with an oil-filled cup at its periphery, into which a flexible sheet- 
steel ring carrying a sealing ring is allowed to dip. The seal 
is composed of six rings of rubber and cotton, 4 in. by 1 in. in 
section ; it is pressed against the interior of the holder by weighted 
levers. In an alternative design the oil-cup is dispensed with 
and a specially constructed fabric is used. The Klénne holder 
is stated to be completely gas-tight in operation. Hard-wood 
rollers are used to guide the piston. Friction between the shell 
and the sealing ring is reduced by a thin layer of grease supplied 
by means of loaded lubricators. 





LIQUID FUEL. 


The Scottish Shale Oil Industry. (Chemical Age, 1935, vol. 
33, July 13, pp. 31-34). The technique of shale oil production 
at a typical Scottish plant (Deans Oil Works) is described. The 
shale is distilled in vertical gas-fired retorts of the Pumpherston 
type, arranged for continuous operation, a maximum temperature 
of 1,300° F. being attained. Shale oil is evolved at 650° to 
900° F., and at higher temperatures the steam which is allowed 
to pass into the retort converts the nitrogen in the shale into 
ammonia and the fixed carbon into water-gas. The products 
are drawn off by exhausters and the crude oil and naphtha 
are subsequently refined, giving rise to several grades of naphtha 
and shale oil, and paraffin wax and coke. 

Hydrogenation. F. 8S. Sinnatt and J. G. King. (Coke-Oven 
Managers’ Association, Apr. 5, 1935: Colliery Guardian, 1935, 
vol. 150, May 31, pp. 982-984). The authors discuss the e.fect 
of temperature and of catalysts on the hydrogenation of coal, 
and pay some attention to the hydrogenation of tar. 

Research on the Hydrogenation of a Colloidal Solution of 
Coal. J. M. Pertierra. (Journal of the Institute of Fuel, 1935, 
vol. 9, Oct., pp. 16-23). 
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Combustion Properties of Industrial Propane. W. Z. Friend. 
(Heat Treating and Forging, 1935, vol. 21, June, pp. 297-301). 
Propane is the principal liquefied petroleum gas commercially 
available ; it may be liquefied by moderate pressure, and allowed 
to vaporise when required for use. In this article useful data 
on the properties of pure and industrial propane and on the 
air required for combustion, the calorific value, &c., are 
summarised. 

Combustion Properties of Industrial Propane. W. Z. Friend. 
(Heat Treating and Forging, 1935, vol. 21, July, pp. 345-349 ; 
Aug., pp. 394-396). The author compares the rates of flame 
propagation, flame temperatures, limits of flammability, ignition 
temperatures, available heats, specific heats and types of flame 
obtained with propane and other gaseous fuels. Among the 
matters dealt with are the production of various types of furnace 
atmosphere, the use of propane in refrigeration, and the vapour 
pressure and dew point curves. Finally, a table of the thermo- 
dynamic properties of propane is reproduced, and the advantages 
of propane as an industrial fuel are summarised. 
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Blast-Furnace Plant of the South African Iron and Steel 
Industrial Corporation at Pretoria. (Iron and Coal Trades 
Review, 1935, vol. 130, May 24, pp. 890-891). Two iron ores 
are used ; a siliceous hematite containing about 48 per cent. of 
iron and up to 21 per cent. of silica, and a very pure hematite 
averaging 67 to 68 per cent. of iron. The blast-furnace has an 
output of about 500 tons per day, and is designed on orthodox 
lines. The site is some 4,500 ft. above sea-level, and the low 
barometric pressure necessitates the use of generous turbo- 
blower equipment to meet this condition; care is also taken 
to conserve water supplies. The gas is cleaned by a Lodge-Cottrell 
electrostatic cleaner and waterless gas-holders are installed to 
maintain a reserve of gas. The pig iron is taken direct to the 
steelworks in 50-ton ladles; any excess is cast in a pig-casting 
machine. The plant is stated to operate satisfactorily. 

Blast-Furnace Practice in Belgium and Luxemburg. G. B. 
Butler. (Proceedings of the Cleveland Institution of Engineers, 
1934-35, No. 3, pp. 227-291). A general outline is given of 
blast-furnace construction and practice in these countries. 

A Review of Blast-Furnace Developments in the U.S.S.R. 
B. M. Suslov. (Iron Age, 1935, vol. 136, Aug. 1, pp. 12-17). 
[t is shown that during the last five years great improvements 
have been made in blast-furnace practice in Soviet Russia. 
Many furnaces now deliver a daily output of over 1,000 tons of 
pig iron, equal to the best figures for American and European 
practice. The size of the furnaces has been gradually increased, 
and the coke consumption per ton of pig iron reduced. Difficulties 
have been met with—such as poor coke quality, and fineness 
of ore—but these are being overcome. Russia is now the second 
largest producer of pig iron in the world. The author furnishes 
statistics concerning pig iron output, the size of furnaces, &c. 

Development of the Brosius Type of Tap-Hole ,Clay Gun. 
A. Wapenhensch. (Stahl und Eisen, 1935, vol. 55, July 25, 
pp. 809-810). 

Operation of Blast-Furnace Blowers. (Iron and Coal Trades 
teview, 1935, vol. 131, July 5, pp. 6-7). Illustrated particulars 
are given of the Scherbius system of regenerative control for 
blast-furnace blowing plants. 
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Acceptance Tests on an Alsthom Turbo-Blower. M. 
Steffes and R. Welter. (Chaleur et Industrie, 1935, vol. 16, 
Apr., pp. 161-178). The authors record, in graphs and tables, 
the results obtained in making acceptance tests on a turbo- 
blower for the blast-furnaces of the Audin works of the Société 
Miniére des Terres Rouges. The turbine, of the Zoelly type, 
was built by the Société Alsthom, of Belfort ; the blower, built 
by the Société Alsacienne de Constructions Mécaniques, Mulhouse, 
is of the Pokorny type, and is direct-coupled to the turbine. 

Analysis of Design and Construction of Hot Blast Stoves. 
A. Mohr, jun., and F. Wille. (Iron Age, 1935, vol. 136, July 4, 
pp. 12-17). A hot-blast stove should possess the greatest possible 
rate of heat transfer compatible with adequate structural stability 
and simplicity of design. The authors analyse the factors which 
bear upon the hot-blast stove efficiency, with special reference 
to the Simplex type of stove. They are of the opinion that no 
substantial gain in heat transfer efficiency is to be obtained by 
reducing the thickness of the brick below 2 in., whilst structural 
stability demands the use of checker work sufficiently strong 
to withstand contraction and other stresses. Data dealing with 
heat transfer, turbulent flow and the effect of staggering the 
brickwork are provided, and the influence of zoning on stove 
efficiency is discussed. 

Brickwork for Blast-Furnace Stoves. (fron and Coal Trades 
Review, 1935, vol. 131, Sept. 13, pp, 391-392). In order to 
obtain the greatest heat transfer efficiency it is suggested that 
the top section, near the dome, should have a high mass/surface 
ratio in order to take advantage of heat radiation, whilst succeeding 
zones should offer sufficient resistance to the gas flow to promote 
turbulence. The bricks should also be strong, cheap and easy to 
instal. The Hotspur vaned checker system is described, in 
which the upper zone contains rectangular bricks provided with 
a blunt cruciform boss and the lower zones are filled with bricks 
fashioned with vanes or projections. It is claimed that this 
method of construction takes full advantage of heat transfer 
by both radiation and convection. 

The Use of Oxygen-Enriched Blast in Blast-Furnace Operation. 
W. Lennings. (Stahl und Eisen, 1935, vol. 55, May 16, pp. 
533-544 ; May 23, pp. 565-570). For a given coke consumption 
in the blast-furnace, the heat available at the maximum tempera- 
ture for the hearth reactions is raised by the addition of oxygen 
to the blast, that is, a given heat requirement can be covered 
by less coke in the charge. By the reduction of the volume of 
the furnace gases, the amount of heat supplied to the shaft is 
reduced ; the temperature and heat losses at the throat decrease, 
while the total amount of heat carried into the furnace in the 
reduced volume of blast becomes lower. In the region of maximum 
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temperature in the furnace, the temperature differences between 
the gas and the charge increase, and consequently the speed 
of smelting also. Tests carried out by the Gutehoffnungshiitte 
in an experimental furnace with an output of 50 to 60 tons per 
day showed that in the production of basic Bessemer pig, stahleisen, 
spiegeleisen and foundry iron with a coke consumption of 1,0)0 
to 1,150 kg., by the use of oxygen-enriched blast at from 700° 
to 800°, a saving of 100 to 150 kg. of coke per ton of pig can 
be effected. For materials requiring higher coke consumptions, 
such as ferro-manganese, the economy of coke amounts to from 
300 to 400 kg. Linings and cooling appliances, even in the 
presence of highly basic slags, have the same durability during 
operation with oxygen-enriched blast as with normal air blast. 
The extent to which the blast can be enriched with oxygen is 
limited by the extent of the coke consumption and the throat 
gas temperature. In general, enrichment up to about 24 to 26 
per cent. is suitable, and up to 30 per cent. for ferro-manganese ; 
enrichment above these figures may lead to a deficiency of heat 
in the shaft. The higher the throat temperature and the coke 
consumption, the more advantageous is the enrichment of the 
blast ; with low throat-gas temperatures, as in the smelting of 
minette ore, the process is not applicable. For the production 
of basic Bessemer pig, for which the coke consumption is low, 
the application of oxygen enrichment is restricted to special 
cases. Highly heated blast (which is, therefore, expensive) can 
be replaced by oxygen-enriched blast preheated to a less extent, 
and in this way an economy is effected. In furnaces which work 
with difficulty and which have a tendency to hanging, oxygen- 
enriched blast accelerates the rate of working. The high hearth 
temperatures attainable by the use of oxygen-enriched blast 
lead to an increased reduction of silicon with a reduced coke 
consumption ; further, slags richer in lime can be melted than 
in normal operation with air. In this way, the manganese 
content of blast-furnace slags can be considerably reduced and a 
larger proportion of the manganese turned to account. The 
experiments show that with oxygen-enriched blast the output 
of the furnace can be increased without raising the resistance 
of the charge. An improvement of the quality of the pig iron, 
apart from its lower sulphur content, was not observed. The 
economy of the process depends upon local conditions; it is 
determined by the cost of production of the oxygen and also 
by the cost of the coke. For the cost conditions in the Ruhr 
district and a cost of 7 RM. per 1,000 cu. m. of 80 per cent. oxygen, 
the experiments on high-silicon pig irons showed a coke economy 
amounting to about 1 to 1-5 RM. per ton of pig. In some cases 
there is a further economy due to the increased turning to account 
of manganese and to the increase of the furnace output. In the 
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production of ferro-manganese the process is advantageous even 
with coke at the lowest possible price. Experiments on the 
production of blast-furnace Portland cement slags simultaneously 
with the pig iron in the blast-furnace with oxygen-enriched blast 
were technically successful, but at the present state of the experi- 
ments the process cannot yet be applied to the operation of 
large blast-furnaces. 

New Processes for the Production of Oxygen for the Enrichment 
of Blast-Furnace Blast. E. Karwat. (Stahl und Eisen, 1935, 
vol. 55, Aug. 8, pp. 860-863). The author describes the Linde- 
Frankl process of making oxygen for the enrichment of blast- 
furnace blast. The essential recent improvement in this process 
consists in the replacement of the earlier tubular recuperators 
used in the fractionation of the liquified air by frequently-reversed 
metal-filled regenerators. In a plant capable of an output of 
4,450 cu. m. of 80 per cent. oxygen (sufficient for an ironworks 
making 570 tons of manganiferous pig iron [Stahleisen] per day), 
the cost amounts to 6-72 RM. per 1,000 cu. m., with a gas-driven 
compressor and 10-70 RM. with an electrically-driven turbo- 
blower and high-pressure compressor. 

The Physico-Chemical Principles of the Burdening of Iron 
Ores (Part III.). J. Klarding. (Archiv fiir das Eisenhiittenwesen, 
1935, vol. 9, Sept., pp. 127-129). Reduction experiments were 
carried out on mixtures of iron ore, alumina and silica. It appears 
that the compound silimanite, formed from the alumina and 
silica, is not so stable as the chemical compounds which may be 
formed from the various iron oxides and the other two oxides. 
Alumina and silica react with ferrous oxide in sequence. For 
burdening in the usual sense, the experimental results indicate 
that, in the presence of silica and alumina, the optimum burden 
proportion corresponds to the composition 3Ca0O.Si0,.A1,03. 
(See Journ. I. and S.I., 1935, No. I. p. 354). 

Silica and Alumina in Iron Ores. T. L. Joseph and W. F. 
Holbrook. (Blast-Furnace and Steel Plant, 1935, vol. 23, May, 
pp. 313-316). Ore shipped from the Lake Superior district has 
tended, within recent years, to carry a large proportion of con- 
centrates. The concentrates average about 16 times as much 
silica as alumina compared to a corresponding ratio of about 3-7 
for directly mined ore. Hence the ore treated in the blast-furnace 
now carries higher silica/alumina ratios. The authors discuss the 
effect of alumina on the desulphurising action of blast-furnace 
slag. They regard alumina as an acid constituent, and express 
the basicity of the slags investigated in terms of the ratio (CaO 
+ Mg0O)/(SiO, + AI,O;). It is shown that desulphurisation 
improves as the alumina increases up to an optimum amount 
which varies with the basicity of the slag. This applies to slags 
in which alumina is substituted for silica ; if alumina is regarded 
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merely as a slag diluent the improvement may be attributed to 
the increase in basicity. Tests were also carried out on six slags 
of differing basicity within the approximate temperature range 
1,450° — 1,550°. Except in the highly basic slag, the substitution 
of alumina for silica improved the desulphurisation throughout 
this range. 

The Equilibrium between Oxygen and Phosphorus in Liquid 
Iron Melts. H. Wentrup, K. Schwindt, and G. Hieber. (Druck- 
schrift der Gesellschaft von Freunden der Technischen Hochschule 
Berlin tiber das Geschaftsjahr 1934, pp. 53-63: Stahl und Eisen, 
1935, vol. 55, Oct. 3, pp. 1068-1069). The reactions between 
oxygen and phosphorus in liquid iron melts have been investi- 
gated frequently before, but with contradictory results; the 
present authors have repeated the examination of the equilibrium 
at 1,400° C., paying particular attention to the following experi- 
mental conditions: A neutral furnace atmosphere, impeccable 
crucible material, exact temperature measurement, sufficient 
melting time for the attainment of equilibrium, rapid quenching 
‘of the melts (water is unsuitable for quenching iron phosphate 
slags, because they absorb it), pure raw materials, and the analysis 
of the slags and metal after the test—the last point is most 
important because iron phosphates volatilise appreciably at the 
temperatures in question. The authors’ results are plotted 
diagrammatically ; the results of other workers are also included 
and the curves are compared and the implications discussed. 
The difficulties in the way of calculating the equilibrium constants 
are also dealt with. Besides using five equations that have been 
suggested, the authors worked out the concentrations as molar 
percentages (per litre) and plotted them ; the results agree best 
with a hyperbolic curve based on the existence of Fe,P in the 
metal and 3FeO.P,0, in the slag. 

The Reducibility of Dwight-Lloyd Sinter and its Adjustment 
to the Ore Burden. K. Grethe and J. Stoecker. (Stahl und 
Eisen, 1935, vol. 55, June 13, pp. 641-647). The production of 
uniform sinter depends on the chemical behaviour of the raw 
materials and on the permeability to gas of the mixture. Iron- 
bearing substances in which the difference between the tempera- 
ture of roasting and of melting is great are beneficial to the process. 
The gas permeability is much influenced by the size and shape of 
the particles, particularly of those under 0-1 mm. in size, and, 
also, by the binding power of the mixture. Regulation of the 
rate of travel of the roasting conveyor after the suction has been 
applied, and also of the moisture content, have proved advanta- 
geous. The reducibility of a given ore up to 1,000° C. usually does 
not vary. The reducibility of sinter is practically independent of 
the proportion of iron-bearing material contained in it. With 
higher proportions of fuel in the material to be sintered the slagging 
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of the sinter and its strength increase, while the index of reduction 
falls, with simultaneous commencement of decomposition of 
oxygen on the conveyor. The sum of the oxygen reduced on the 
conveyor and in the blast-furnace at up to 1,000° C. is practically 
invariable. For blast-furnace operation the porosity of the 
sinter is of the utmost importance ; by carrying out the sintering 
in a suitable manner the sinter can always be adapted to the 
burden. The tests described in the paper are recorded in graphs. 





WROUGHT IRON. 


Wrought Iron in To-day’s Industrial Picture. J. Aston 
(American Institute of Mining and Metallurgical Engineers, 1935, 
Technical Publication No. 632). The subject is treated under 
three headings: (1) Manufacture, (2) characteristics related to 
the quality of the material, (3) adaptability and exploitation of 
product. The history of the puddling process is briefly outlined, 
and the Aston-Byers method—in which pig iron is first refined 
by Bessemerising, and then poured into an iron-silicate slag—is 
also described. This is followed by a consideration of the charac- 
teristics—including mechanical properties, chemical analysis, and 
microstructure—peculiar to wrought iron. The features which 
enable good quality wrought iron to be distinguished from poor 
or adulterated material are referred to. Finally the adaptability 
of wrought iron is noted. 





DIRECT PROCESSES. 


Present Status of Direct Production of Iron and Steel from 
Ores. R. S. Dean. (Mining and Metallurgy, 1935, vol. 16, 
pp. 185-186). According to the author sponge-iron processes 
should not be used for treating ore of blast-furnace grade, but 
should be confined to ores either of high-purity or from which 
concentrates of high purity can be obtained. The Bureau of 
Mines has developed a process of gaseous reduction in which 
natural gas is converted to carbon monoxide and hydrogen by 
passing it over nickel or alumina. The heat from this partial 
oxidation supplies that necessary for the reduction of preheated 
ferric oxide to iron. Sponge iron produced from high-purity ore 
can be converted to wrought iron by simple briquetting and 
forging at about 1,400°. A slag-metal mixture corresponding to a 
wrought-iron ball can be made by briquetting a mixture of fine 
ore and coal and heating at a proper rate at 1,450-1,500°. The 
“ puddled ball” so formed can be squeezed in the usual manner 


to remove the slag. 
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Proposal for the Production of Crude Steel in the Biast-Furnace 
and for the Smelting of Acid Ores by a Duplex Process. M. Friinkl. 
(Stahl und Eisen, 1935, vol. 55, July 25, pp. 805-809). The author 
describes a method for the production from ore, in the blast- 
furnace, of low-carbon, low-silicon crude steel, which is then worked 
up into mild steel by treatment in a rotary refining furnace with 
ore reduced to the ferrous-oxide condition. Two structural forms 
for the blast-furnace have been developed. In the first, lump 
ore is fed into the central part of the furnace, with coke, limestone 
and fine ore round the circumference. To obtain better reduction 
the lump ore can well be replaced by briquettes of ore, reduction 
carbon and limestone. The vertical layering of the charge 
enables the combustion gases in the sintering zone of the ore to 
pass through the outer pervious coke layer. In order to restrict 
the sintering zone in the upward direction, top gas is blown in. 
The tuyeres, fed with coal dust and oxygen-enriched blast, are 
movable radially, in order to control the refining action. The crude 
steel as it flows to the rotary refining furnace is heated by a gas 
flame at the tap hole. In the second method, which is very similar, 
the entire shaft is filled with briquettes. The sintering zone is sur- 
rounded by a series of water-cooled tubes, which form an annular 
space for the evacuation of the gases. This form of furnace also 
serves to melt the ferrous oxide and slags required for the rotary 
refining furnace. For the smelting of acid, low-grade ores, a 
duplex process is proposed, in which the ore is first reduced in an 
acid shaft-furnace, and the crude steel is then desulphurised in a 
second basic shaft-furnace. From the basic furnace the metal is 
run into a rotary refining furnace which is also fed from the blast- 
furnace previously described. 

The Direct Production of Steel in the Blast-Furnace. (Iron and 
Coal Trades Review, 1935, vol. 131, Oct. 4, pp. 545-546). An 
English summary of the above paper by Frinkl. 





IRON INDUSTRIES. 
The Saar Metallurgical Works at the Reunion. H. A. Wagner. 


(Zeitschrift des Vereines deutscher Ingenieure, 1935, vol. 79, 
Aug. 3, pp. 951-958). The five iron and steel works in the Saar 
are described, with particular reference to their development in 
the years following the war. The problems of long-distance gas 
supply and electric current generation, as they affect these works, 
are discussed, and attention is given to matters affecting the 
technique of coking. Consideration is also given to the obtainment 
of vanadium from pig iron and to ore preparation experiments 
that have been made with a view to rendering available the 
dogger ores of Baden. 
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Iron and Steel. Sir W. J. Larke. (Proceedings of the Royal 
Institution of Great Britain, 1935, vol. 28, Part 4, No. 135, 
pp. 680-715). The author traces the historical development of 
iron and steel from early antiquity to the present time. References 
to meteoric iron, to the smelting of iron in India as early as 1400 
B.C., to the swords of Damascus and Toledo and the beginnings of 
an industry in Great Britain, are followed by a survey of modern 
development. Finally, attention is drawn to the advances which 
have taken place within recent years. 

Man and Metal. Sir W. J. Larke. (Edward Williams Lecture, 
Institute of British Foundrymen, July 2 to 5, 1935: Foundry 
Trade Journal, 1935, vol. 53, July 11, pp. 26-29). The author 
traces the early history of the use of metal by man, and then 
discusses modern industrial development, especially the con- 
tribution of metallurgy to industrial progress. 

From the History of the Production and Use of Steel. O. von 
Halem. (Montanistische Rundschau, 1935, vol. 27, Stahlbau- 
Technik, May, pp. 3-5; June, pp. 3-5; July, pp. 5-6). A short 
historical review of the production and use of iron and steel. 
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GENERAL FOUNDRY PRACTICE. 


Modern Foundry Practice. W. G. Morgan. (Journal of the 
Institution of Production Engineers, 1935, vol. 14, Sept., pp. 
480-490). Modern developments in foundry technique are 
briefly referred to. 

Design of Balanced-Blast Cupola. F. J. Cook. (Foundry, 
vol. 63, June, pp. 32-33, 72). The salient features of the balanced- 
blast cupola, in which control of the air supply to individual 
tuyeres is provided, are examined. It is shown that this type of 
cupola has many advantages over the old type, and that in 
many cases cupolas have been converted to balanced-blast 
operation with beneficial results. 

Introduction of Blast through Small Tuyeres in the Shaft of 
Cupolas above the Melting Zone. C. Rein. (Giesserei, 1935, 
vol. 22, July 5, pp. 335-339). The author discusses the use of 
upper tuyeres in cupolas, situated above the melting zone. He 
comes to the conclusion that such tuyeres are of no value, and he 
is opposed to the opinion held by many experts, that a reduction 
reaction of carbon dioxide to carbon monoxide takes place in the 
cupola. 

Cupola and Pulverised-Fuel-Fired Furnace Irons Compared. 
F. Boussard. (International Foundry Congress, Brussels, 1935 : 
Foundry Trade Journal, 1935, vol. 53, Sept. 26, p. 226). The 
author compares the performance, under test, of cupola and 
pulverised-fuel-fired furnace irons. 

Calculation of the Metal Charges for the Foundry Cupola. 
H. L. Campbell. (Metals and Alloys, 1935, vol. 6, May, pp. 107- 
112). The calculation of metal charges for the foundry cupola 
depends, in the first place, on the desired analysis of the castings 
to be produced. It is then necessary to determine the proportion 
of scrap to be used and the changes in composition due to melting ; 
on this basis the weights of the materials to be charged may be 
ascertained. Special elements (such as manganese, nickel, 
chromium and molybdenum) may be required to be added, and 
any losses of the alloying metals should be allowed for. If two 

or more different lots of metal are available the proportions to be 
employed for a charge of a definite composition may be calculated 
by formule or by graphical means. The author furnishes 
examples of these calculations and of the use of charts in solving 
foundry cupola problems. 
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Separation of Cupola Mixtures. A. J. Shore. (Institute of 
British Foundrymen: Foundry Trade Journal, 1935, vol. 52, 
June 20, p. 413). In the author’s foundry castings of a large 
variety of types and sizes are produced. To cover these require- 
ments three mixtures have been chosen, which are run in two 
cupolas. The procedure adopted to ensure that the right mixture 
is used for each casting is indicated. 

Metallic Losses in Cupola Melting. G. Hénon. (International 
Foundry Congress, Brussels, 1935: Foundry Trade Journal, 
1935, vol. 53, Sept. 26, p. 235). It is suggested by the author 
that the metal losses in cupola practice may be assessed by caleu- 
lating the weight of slag produced on the basis of the amount of 
limestone charged, and, by obtaining the iron content of the slag, 
so evaluate the metal losses. The application of this method is 
discussed. 

Determines Iron Lost in Melting. W.McConnachie. (Foundry, 
1935, vol. 63, Apr., pp. 26, 56). The author points out that the 
iron lost by oxidation in the cupola may be estimated by an 
analysis of the gas from the cupola. 

Recent Developments in Foundry Melting Practice. Oxida- 
tion and Carburisation Factors. J. E. Fletcher. (Fuel Economy 
Review, 1935, vol. 14, pp. 27-32). A general review of the problem 
of oxidation in cupola working is followed by a discussion of the 
balanced-blast cupola. 

The Soda-Ash Process in the Foundry. A. G. Lefebvre. 
(International Foundry Congress, Brussels, 1935: Foundry Trade 
Journal, 1935, vol. 53, Sept. 26, p. 234). The use of the soda-ash 
process for the refinement of cast iron is dealt with. 

Churned Iron and Soda Treatment. L. E. C. Girardet. (Inter- 
national Foundry Congress, Brussels, 1935: Foundry Trade 
Journal, 1935, vol. 53, Sept. 26, pp. 223, 236). The method of 
improving cast iron by the addition of soda-ash in rotating moulds 
is briefly referred to. 

Slags and Gases in Cupola Operation. A.H. Dierker. (American 
Foundrymen’s Association, Aug., 1935, Reprint No. 12). The 
author discusses the theory of combustion in cupola operation, 
oxidising and reducing conditions and the factors affecting these 
conditions, and cupola reactions. 

Sesci Rotary Melting Furnaces. (Machinery (Lond.), 1935, 
vol. 46, July 4, pp. 421-422). Sesci rotary furnaces consist of a 
barrel with cone-shaped ends, to one of which a patent burner is 
fitted, the other leading to the exhaust, at which end material 
is charged into the furnace. Pulverised coal is the fuel employed. 
Preheating of the air for combustion is achieved by recuperators. 
A neutral, reducing, or oxidising flame may be produced at will, 
and the melting time is quite short, a grey iron melt being poured 
in less than two hours. 
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Electric-Furnace Cast Iron—a New Engineering Material. 
A. E. Rhoads. (American Society for Metals, Dec. 3, 1934: 
Iron and Steel of Canada, 1935, vol. 18, Mar.—Apr., pp. 19-24). 
The present tendencies in cast-iron practice are briefly reviewed, 
and the types of iron now available are classified. Typical irons 
are described and the value of the electric furnace in the production 
of special grades—such as the superheated and heat-treated cast 
irons—is stressed. 

Founding High-Test Cast Iron. W. R. Jennings. (Foundry, 
1935, vol. 63, June, pp. 28-29, 66, 68). Among the factors which 
bear upon the production of high-tensile cast irons, the author 
suggests the following as being important: The quality of the 
materials (coke and metal); the depth of the hearth; and 
consistent operation. He then considers certain casting problems, 
such as the temperature of pouring, the design of the cores to 
withstand the high pouring temperatures usually employed, the 
avoidance of defects in castings and the correct use of gates and risers. 

Heavy Alloy Iron Castings. C. C. Miller. (Metals and Alloys, 
1935, vol. 6, July, pp. 185-186). Notes on the production of 
heavy castings in an alloy cast iron called Cecolloy, are furnished. 
The chief alloying element is molybdenum, to the extent of about 
0-30 to 0-50 per cent. for medium castings, augmented by 
chromium or nickel for heavier and lighter castings. 

The Production and Utilisation of Virgin Irons containing 
Titanium and Vanadium. J. Challansonnet. (International 
Foundry Congress, Brussels, 1935: Foundry Trade Journal, 
1935, vol. 53, Sept. 26, p. 231). The production of cast irons 
containing between 0-4 and 0-7 per cent. of vanadium, and of 
those containing small amounts of titanium (about 0-3 per cent.) 
is dealt with, and the properties and uses of such irons are 
indicated. 

Developments in the Production and Use of Refined and Alloy 
Pig Irons in Great Britain. G.T. Lunt. (International Foundry 
Congress, Brussels, 1935: Foundry Trade Journal, 1935, vol. 53, 
Sept. 26, pp. 222-223). This paper constitutes a survey of recent 
developments (the use of blending, degasification, and so on) in 
the production of refined and alloy pig irons. 

Dust Collection in the Foundry. S. D. Moxley. (American 
Foundrymen’s Association, Aug., 1935, Reprint No. 17). Various 
types of equipment available for the collection, treatment and 
disposal of dust in foundries are discussed and illustrated. 

Protection against Floor Vibrations in Foundries.. W. Gerb. 
(Giesserei, 1935, vol. 22, July 19, p. 364). The vibrations set up 
in the floor by jolting moulding machines can often cause damage 
to moulds. Protection is obtained, not by insulating the founda- 
tions of the machines, but by the use of insulated concrete plat- 
forms on which the moulds are stood. 
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MOULDS AND CORES. 


Calculations of Pipe Patterns. (Réhrenindustrie, 1935, vol. 28, 
Sept. 11, pp. 101-102). A brief discussion of the making of wood 
patterns for the founding of pipes. 

Prevent Losses with Proper Gates and Risers. P. Dwyer. 
(Foundry, 1935, Apr., vol. 63, pp. 42-44, 47). Examples of the 
proper application of gates and risers to the casting of malleable 
iron pipe fittings, chilled castings, &c., are examined. (See Journ. 
I. and S.I., 1935, No. I. p. 363). 

New Compressed-Air Press Moulding Machine. Weil. (Gies- 
serei, 1935, vol. 22, July 5, pp. 333-335). An illustrated descrip- 
tion of the machine is given. It can be used to advantage for 
parts that can be moulded in boxes about 100 to 150 mm. high 
or for which a preliminary ramming of the sand is not required. 

The Hand Ramming of Sand. F. Boussard. (International 
Foundry Congress, Brussels, 1935: Foundry Trade Journal, 1935, 
vol. 53, Sept. 26, pp. 232-234). Among the points to which atten- 
tion is drawn are the following: The relation between the degree 
of ramming and the mould hardness ; the work done by ramming ; 
the optimum ramming depth ; the shape of the rammers ; and the 
technique of ramming. 

Automatic Mould Elevator and Conveyor Unit Offers Marked 
Economies. (Iron Age, 1935, vol. 136, Aug. 22, pp. 20-21). 
This appliance consists of a structural frame fitted with tiers 
for storing moulds; each tier is composed of a series of trays 
18 in. wide by 12 ft. long, each with a maximum capacity of eight 
16-in. X 16-in. flasks; a four-tier unit hasa maximum capacity 
of 288 moulds. An elevator moves the trays of moulds 
to any desired tier. The moulding station is at one end of the 
frame and the pouring station at the other, a continuous rotation 
of moulds being thus provided. 

The Separation of Loam Cores in Shell Form. E. Feil. (Gies- 
serei, 1935, vol. 22, Aug. 16, pp. 401-406). After touching on the 
testing of loam cores, the author describes his tests made to 
determine the conditions under which loam cores could be 
separated from the casting in the form of shell-like pieces, in 
order that their removal should be complete and expeditious. 
The core mass, after completion of the casting (that is, after 
baking) must possess a certain degree of strength; the strength 
of the facing material must be greater than the force with which 
the graphite blacking adheres to the surface of the casting. The 
adherence of the facing material to the core mass must likewise 
exceed that of the blacking to the casting ; among other means, 
this can be attained by making the strength of the mass equal to, 
or, better, greater than, that of the facing (both materials must 
have approximately the same coefficient of expansion). The 
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facing material must give a smooth surface ; it must therefore be 
fine-grained and not too fat—that is to say, after drying, it must 
show no cracks. The facing must not burn on to the casting ; 
the blacking must therefore be of good quality and adhere well 
to the facing material. After drying, the facing must be absorptive, 
to take up the blacking rapidly. The presence of carbon (organic 
material) in the core mass facilitates its subsequent removal in 
the form of shell-like pieces. 

Describes Alternative Methods for Drum Cores. (Foundry, 
1935, vol. 63, June, pp. 56-58). Alternative methods of making 
the cores for drum castings are described. 

The Control of Mould-Drying Processes. V. Aronovitch. 
(Foundry Trade Journal, 1935, vol. 52, June 13, pp. 393-396). 
The-arrangements so far adopted to control the drying of moulds 
and cores have been empirical, crude, and generally unreliable. 
The author gives details of a method which makes use of the 
change in electrical conductivity of the sand with alteration in 
the moisture content. Two resistance couples are inserted into 
the green mould or core and the conductivity throughout the 
drying operation is recorded. A battery is connected to a volt- 
meter and to the resistance couple ; when all the moisture has 
evaporated the conductivity becomes zero and the indicating needle 
of the voltmeter attached to the resistance couple returns to the 
zero position. The couples consist of two brass wires insulated 
except for the tips, which are inserted in the required position in 
the mould, and spaced at 5 to 10 mm. apart. By using insulated 
couples inserted in moulds at different depths the nature of the 
drying process may be revealed. The author gives an example 
of an experiment on those lines. The same technique has been 
applied to the investigation of the behaviour of a green-sand mould 
during pouring. It is suggested that the electrical resistance 
method is particularly suitable for car- and drawer-type ovens, 
for floor drying and for experimental work. 





MOULDING SANDS. 


Foundry Sands. T. R. Stanley. (Canadian Mining and 
Metallurgical Bulletin, 1935, Sept., No. 281, pp. 391-396). Foundry 
sands are discussed from the point of view of the characteristics 
which it is necessary or desirable that these sands should exhibit. 

Methcd fcr the Valuaticn of Moulding Sands by the‘ Proportion 
of the Grain-Sizes. Biiltmann. (Giesserei, 1935, vol 22, June 21, 
pp. 07-08). The author describes and explains a method of 
graphing the results of sieve analyses of moulding sands in such 
a way that full information regarding the proportions of the 
various grain-sizes present can be obtained. The determination 
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of the principal grain-size and the peak value of the grain-size 
distribution gives values from which the quality of the moulding 
sand may be judged. 

Advocates Round Grain Sand. D. D. Cameron. (Pittsburgh 
Foundrymen’s Association, Mar. 18, 1935: Foundry, 1935, vol. 
63, Apr., pp. 31, 62). In discussing the causes of porosity and 
other defects in steel castings, the author stresses the value of 
round grain sand ; it is said to ensure a higher permeability than 
that of sand having angular grains, permitting harder ramming and 
hence better castings. He considers that the use of green sand 
is in many cases advantageous. 

Method for the Valuation of Moulding Sands on the Basis of 
the Grain-Size Distribution. R. von Halasz. (Giesserei, 1935, vol. 
22, Sept. 13, pp. 466-468). The author suggests that in future 
standards the grain-size distribution should not be represented in 
the manner now employed, in which the percentage of each grain- 
size is related to the grain-size, but that the percentage of the 
sand passing through the sieve should be related to the diameter 
of the sieve mesh. Further, he indicates a simple relation between 
the gas permeability and a factor representing the grain-size 
distribution, by means of which the permeability of a sand can be 
estimated from the grain-size distribution alone. 

The Determination of Moisture in Moulding Sands. 
Dawson and F. T. Hanks. (Foundry Trade Journal, 1935, vol. 
53, Aug. 15, pp. 113-114). The method adopted by the authors 
is based on the conductivity of the moistening medium in a 
similar manner to the dionic testing of water, where the percentage 
of conducting matter in the water may be determined by electrical 
measurements when suitable compensation for changes of tempera- 
ture is made. The apparatus consists essentially of a special 
form of electrodes, used in conjunction with an ohm-meter and 
suitable battery, the electrodes being so designed as to establish the 
greatest contact with the mass to be tested. The electrodes are 
provided with four stems and spikes for penetrating the mass, 
and are cross-connected, thus causing the whole circuit to be 
balanced. The results obtained are presented. 

New Methods of Sand Preparation. H. Herring. (Giesserei, 
1935, vol. 22, Sept. 13, pp. 468-469). An illustrated description 
of the ‘“Samum”’ sand-preparing machine is given. Old and 
fresh sand, and the necessary amount of coal dust, are mixed 
together to produce a good moulding sand in a single process. 


S. E. 





SPECIAL CASTINGS. 


Castings Moulded after the Safety Pattern. I. A. Brinkman. 
(Steel, 1935, vol. 96, June 17, pp. 35-38). An account is given of 
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some of the precautions necessary when large castings are to be 
produced, in order to minimise accidents. 

Important Data regarding the Production of Chill-Cast Iron, 
with Particular Reference to the Casting of Chilled Rolls. H. 
Bocek. (Giesserei, 1935, vol. 22, July 19, pp. 357-364). The 
author first discusses the various factors to which careful attention 
must be paid in the production of cast iron of good quality which 
will chill properly: The chemical composition of the pig- 
iron, the structure of the chill-cast iron, the casting temperature, 
&c. He then gives attention to the types of furnace suitable 
for melting the iron, and considers various influences which 
may affect the strength properties and the depth of chill. It is 
pointed out that the charge should not contain pig irons with too 
widely differing silicon contents (that is, irons which will, and will 
not, chill), because, though the average analysis may be correct, 
wasters will occur. Such a charge gives rise to non-uniformity of 
structure (core hardening), and non-uniform chill leads to large 
casting stresses. The strength is much reduced, the brittleaess is 
increased, and fissuring is promoted. 

Notes on Roll Failures with Reference to Chilled Cast Iron 
Rolls Containing Chromium and Molybdenum. J. 8S. Caswell. 
(Proceedings of the Institution of Mechanical Engineers, 1934, 
vol. 128, pp. 459-467). Details are given of some fractures of 
chromium-molybdenum iron rolls, and these are compared with the 
fractures usually associated with ordinary chilled iron rolls. The 
probable causes of fracture of the chromium-molybdenum rolls 
are discussed in the light of the quality and structure of the iron, 
the design of the rolls, and the effect of thermal stress. It is 
suggested that the causes of failure were (1) low strength of the 
iron, resulting from excess of chromium, (2) the defective design 
of the roll wobbler, and (3) the thermal stresses set up in the rolls 
during service. Detailed consideration is given to the effect of 
the wobbler design in preventing the free contraction of the roll 
after casting. It is suggested that the interference set up 
produces definite planes of weakness in the rolls. Particulars of 
an unusually long life of an ordinary chilled iron roll are given, 
together with a comprehensive analysis of the iron in this roll. 

Roll Production. (Machinery (Lond.), 1935, vol. 46, May 30, 
pp. 253-259). In this article the practice of Sir W. G. Armstrong 
Whitworth and Co. (Ironfounders), Ltd., Close Works, Gateshead- 
on-Tyne, in the founding of rolls is described. The melting plant 
consists of two air furnaces fired by pulverised fuel, and four 
Sesci furnaces. Both chilled and grain rolls are made ; the former 
are of the carbon, molybdenum, nickel, or nickel-chromium alloy 
tvpe, and are marketed under the name of Closeloy. Sizes up to 
42 in. in diam. and 108 in. long, weighing up to 25 tons may be 
produced. The main machine shop equipment comprises four 
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large- and medium-sized roll-turning lathes, a wobbler end milling 
machine and a roll grinding machine. 

Melts Iron in Air Furnaces. P. Dwyer. (Foundry, 1935, 
vol. 63, July, pp. 18-20, 44,47). An account is given of the practice 
at the plant of the Mackintosh-Hemphill Co., Pittsburgh, for the 
production of sand-cast and chilled-iron rolls. The majority of 
the rolls are cast from iron melted in air furnaces. The mixtures 
used are tabulated. 

Hardens Steel Roll Surfaces. P. Dwyer. (Foundry, 1935, 
vol. 63, Aug., pp. 36-37, 77-78). The practice at the plant of the 
Mackintosh-Hemphill Co., for the production of carbon and 
alloy steel rolls is illustrated and described. A process has been 
developed for imparting a hard surface to the face of the rolls 
by means of a torch and spray. 

The Manufacture of Piston Rings. J. Challansonnet. (Foundry 
Trade Journal, 1935, vol. 53, Oct. 17, pp. 295-297). After dis- 
cussing wear and lubrication in general terms, the author proceeds 
to examine the requirements of piston rings and the methods of 
casting them. The two methods of casting commonly employed 
—as cylinders or as single rings—are examined, and _ suitable 
chemical analyses for the irons are suggested. Attention is also 
given to the defects from which piston rings suffer, and the 
methods of introducing the “ spring ’’ into these rings. 

A New Multi-Casting Process. R. Leonhardt. (Foundry Trade 
Journal, 1935, vol. 52, June 13, pp. 397-398). The multi-casting 
process, while possessing many advantages, suffers from certain 
disadvantages—for instance, the fact that comparatively shallow 
articles only can be produced, and that trouble with the runners 
is sometimes encountered. A new process has been devised and 
patented by Badische Maschinenfabrik, of Durlach, in which 
the flasks are superimposed in the usual way, but in which the 
runners are arranged alternately to the right and left of the 
assembly, thus enabling the flasks to be cast separately, while 
lifting due to high ferrostatic pressure is eliminated. A new type 
of squeeze machine has been designed for the moulding operation, 
actuated by compressed air; this machine is described. 

Pages from a Foundryman’s Notebook. II.—Making Drumsides 
in Loam. (Foundry Trade Journal, 1935, vol 53, July 4, p. 14). 
In this article the technique of moulding the sides of a drum for 
a hoisting engine is described. 

Moulding a Rope-Driven Pulley Wheel. F. Oldershaw. (Iron 
and Steel Industry, 1935, vol. 8, Aug., pp. 422-425). The pro- 
cedure to be adopted in moulding a grooved pulley wheel is 
explained. 

Production of a Cylinder Cover without the Use of Chaplets. 
F. Vogelsang. (Giesserei, 1935, vol. 22, Aug. 2, p. 387). 
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Strickle Moulding of Large Castings. H. Fabre and H. Dubois. 
(Institute of British Foundrymen, July 2 to 5, 1935: Foundry 
Trade Journal, 1935, vol. 53, July 11, pp. 34-36 ; July 18, pp. 51- 
54). A number of applications of strickle moulding to large 
castings is cited. These include a blackpot weighing 12 tons, a 
rolling-mill roll, a large pipe bend, and a four-bladed propeller ; 
the procedure for making the patterns and the moulds is indicated 
in each instance. 

Cast Iron Plate Roofing—A New Product of the Foundry. 
(Iron Age, 1935, vol. 136, Sept. 12, pp. 10-14). The roofing is 
manufactured by the United States Pipe and Foundry Co., 
Burlington, New Jersey, U.S.A., and marketed under the name 
of Usicast. It is composed essentially of two main units—a 
standard cast iron plate and a cap plate. The former is a single 
casting = in. thick, 52 in. long and 24 in. wide, weighing 78 lb. 
The cap plate is semi-cylindrical in shape and of the same length 
as the roof plate. Usicast roofs are stated to be flexible in erec- 
tion and permanent in use. 

Prevent Porosity in Fly-Wheel Hubs. H. H. Eastham. 
(Foundry, 1935, vol. 63, May, p. 31). It is sometimes difficult to 
avoid porosity in the hubs of fly-wheel castings. By using a 
thin sheet steel casing round the sand core a slight chilling effect 
was imparted to the inside of the hub, and this was effective in 
preventing porosity. 





CENTRIFUGAL CASTING. 


Production of Centrifugal Grey Iron Castings in Water-Cooled 
Moulds. H. W. Stuart. (American Foundrymen’s Association, 
Aug., 1935, Preprint No. 5). The author describes the De Lavaud 
process for the manufacture of cast-iron pipe, and explains in 
detail the various operations and equipment. He then describes 
the apparatus used to coat the steel moulds with a pulverulent 
material to prevent chilling of the pipe. A comparison is also 
made of the properties of cast-iron pipe produced with and 
without the mould coating. 

Heat Treating Cast-Iron Pipe. J. B. Nealey. (Heat Treating 
and Forging, 1935, vol. 21, Aug., pp. 382-384). Pipe Cast Centri- 
fugally Without Chill. J. B. Nealey. (Iron Age, 1935, vol. 135, 
May 23, pp. 14-16, 94-96: Industrial Heating, 1935, vol. 2, 
Aug., pp. 411-415). In the De Lavaud system of pipe casting, 
which is described, a water-cooled rotating steel mould is employed, 
into which the stream of molten cast iron is poured by means of a 
water-cooled trough. The mould is gradually moved in an axial 
direction whilst rotating, and thus receives a uniform coating of 
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iron. The issuing stream of iron is preceded by a thin stream of 
ferro-alloy powder ; this material coats the mould in advance of 
the molten metal and so inhibits the chilling effect which would 
otherwise take place. On removal from the mould the pipes are 
subjected to an annealing treatment in a conveyor-type gas- 
fired furnace. 

Newest Plant for Centrifugal Casting of 30 in. Pipe. J. B. 
Nealey. (Industrial Heating, 1935, vol. 2, May, pp. 247-250, 
263-264). A description of the “* Mono-Cast ’’ method of centri- 
fugal casting adopted by the American Cast Iron Pipe Co., is 
furnished. In this system the pipe is cast in a sand-lined or 
refractory mould without a core (green-sand moulds are in fact 
used). Pipes from 14 to 30 in. in diam. and up to 16 ft. long are cast 
by this method. 

Slush Pump Piston Cores Produced by Centrifugal Casting 
Process. A. K. Falk. (American Foundrymen’s Association, 
Aug., 1935, Preprint No. 7). The author discusses the various 
factors and production problems involved in the centrifugal 
casting of the piston cores used in slush pumps. 





STEEL FOUNDRY PRACTICE. 


Suggestions for Research on Steel Castings. J. H. Andrew. 
(Institute of British Foundrymen, July 2 to 5, 1935: Foundry 
Trade Journal, 1935, vol. 53, July 18, p. 49). The author suggests 
that among the subjects to which research might well be directed 
are the following: Methods of feeding castings, the reduction of 
fluid-solid contraction, the use of oxygen-free steel, the types of 
facing sand, and the fluidity of castings. 

Steel Castings, with Special Reference to Alloy Steels. W. H. 
Hatfield. (Institute of British Foundrymen, July 2 to 5, 1935: 
Foundry Trade Journal, 1935, vol. 53, July 18, pp. 43-46; 
July 25, pp. 69-71). The author discusses low- and high-alloy 
steel castings, and particularly the range of mechanical properties 
which can be produced by the use of suitable alloying elements. 
He lists the analyses, heat treatments, mechanical properties, 
and applications of a number of steels, including heat-, acid-, 
corrosion- and wear-resisting alloys. Physical data, such as the 
contraction allowance, freezing range and distinctive properties, 
are also set forth. The author goes on to consider the character- 
istics of these alloys from the foundry point of view, and cites 
some of the features—including coefficient of expansion, thermal 
conductivity, tenacity at high temperatures—which are of 
importance in the production of sound castings. 

A Note on the Influence of Temperature Gradients in the 
Production of Steel Castings. G. A. Batty. (Institute of British 
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Foundrymen, July 2 to 5, 1935: Foundry Trade Journal, 1935, 
vol. 53, July 25, pp. 65-67; Aug. 1, pp. 88-89: American 
Foundrymen’s Association, Aug., 1935, Preprint No. 10). It is 
shown that under certain conditions an adverse temperature 
gradient—the top of the casting being coolest and the bottom 
hottest—may occur in pouring difficult castings. The influence of 
the methods of venting and gating is examined, with reference 
to typical examples; methods of pouring, including the partial 
and total reversal systems, are also considered. The temperature 
gradients which occur under conditions of partial or total reversal 
are suggested, and the control of solidification by this means and 
by the use of chills receives brief attention. 

The Utilisation of Electric Arc Furnaces. M. Boutigny. 
(International Foundry Congress, Brussels, 1935 : Foundry Trade 
Journal, 1935, vol. 53, Sept. 26, p. 234). The use of the electric 
are furnace in the production of steel for castings is considered. 

Cast Steel Crankshafts. (Automobile Engineer, 1935, vol. 25, 
July, pp. 269-270). The procedure adopted at the foundry of the 
Ford Motor Co. of Canada Ltd., at East Windsor, Ontario, for 
the production of cast steel automobile engine crankshafts is 
described. Metal for the castings is prepared in a five-ton electric 
furnace, the charge consisting of 40 per cent. steel scrap, the 
balance being pig iron, back stock and alloys. The conveyor 
system is in use, permitting an output of 475 crankshafts per day, 
in five heats. After being cleaned the cast crankshafts are 
submitted to a double heat treatment in a continuous furnace. 
Before being machined a drop test is applied, and after rough and 
finish machining torsion tests are carried out. The metal used 
has the following analysis: Carbon, 1-35-1-60; manganese, 
0-50-0-60 ; silicon, 0-85-1-10; chromium, 0-40-0-50; copper, 
1-50-2-0; phosphorus, 0-10 max. ; sulphur 0-06 max. per cent. 
Owing to the fact that cored crankpin journals are used, the cast 
crankshaft is 10 lb. lighter than the corresponding forged article ; 
a saving in machining operations and an improvement in physical 
properties are also realised. 

From the First Bell of Cast Steel to the Olympia Bell. 
H. Kalpers. (Giesserei, 1935, vol. 22, Sept. 13, pp. 469-473). 
The Olympic Games to be held in Berlin in 1936 will be “ rung 
in’’ by a cast-steel bell. The author outlines the difficulties that 
have stood in the way of the recognition of steel as a suitable 
material for bell-founding, and then describes briefly the moulds 
used and the testing of the tone of the bells. He states that the 
first steel bell was cast by Jakob Mayer, a director of the Bochumer 
Verein, and was shown at the Paris Exhibition of 1855. 

Small Acid Open-Hearth Furnace has Capacity of One-Half 
Ton. (Foundry, 1935, vol. 63, May, pp. 22-60). Small Acid 
Open-Hearth Furnace has One-Half Ton Capacity. J. Trantin, 
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jun. (Steel, 1935, vol. 97, pp. 50-52). Details of a small acid 
open-hearth furnace for experimental work are furnished. The 
regenerators are disposed above the furnace, giving a very short 
travel from the ports to the checkers. Air is supplied to the 
regenerators under pressure, and it is possible to operate the furnace 
at, above, or below atmospheric pressure. The furnace is oil-fired 
with spent and reconditioned lubricating oil. Heats of from 100 
to 1,000 lb. may be melted, the time required for a 300-Ib. heat 
(from charge to tap) being about 45 min. 





MALLEABLE CAST IRON. 


Malleable Cast Iron. D. P. Forbes. (Foundry, 1935, vol. 63, 
May, pp. 23, 63). The method of production, mechanical 
properties and industrial applications of malleable iron are briefly 
dealt with. 

Malleable Cast Iron. J. V. Murray. (Proceedings of the 
Staffordshire Iron and Steel Institute, 1933-1934, vol. 49, 
pp. 73-79). The author considers the composition of blackheart 
and whiteheart malleable and its relation to the mechanical and 
other properties, and goes on to discuss the use of the rotary 
furnace in the production of malleable iron, the annealing of 
malleable castings, the defects caused by faulty annealing and the 
changes which take place. He concludes with the results of some 
tests on whiteheart malleable cast iron subjected to various heat 
treatments. 

Notes on the Production of Cupola Malleable Castings. F. B. 
Riggan. (American Foundrymen’s Association, Aug., 1935, 
Preprint No. 19). The author discusses the advantages and 
disadvantages of cupola melting, and describes the raw materials 
used, cupola charging and melting control. 

High-Speed Fettling. (Machinery (Lond.), 1935, vol. 46, June 6, 
pp. 293-294). The fettling plant at the works of Ley’s Malleable 
Castings Co., Ltd., is described. This concern produces blackheart 
malleable castings, mainly for the automobile trade. Large 
batteries of double-ended grinding machines are installed, the 
grinding wheels being made of Aloxite Redmanol. 





FOUNDRY PLANT. 


The Works of the Sheepbridge Stokes Centrifugal Castings 
Company, Limited. (Foundry Trade Journal, 1935, vol. 52, 
June 27, pp. 429-430). The plant deals with centrifugal castings 
for motor-car engines, piston ring drums, &c., and high-dutv 
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alloy cast irons suitable for nitrogen hardening and heat and 
corrosion resistance. Four mechanically-charged cupolas are in 
use, delivering metal to a large oil-fired receiver of 2 tons capacity ; 
this arrangement enables uniformity in composition to be main- 
tained. Comprehensive centrifugal casting equipment is also 
installed. 

Newton Chambers and Company, Limited. (Foundry Trade 
Journal, 1935, vol. 52, June 27, pp. 430-431). A short description 
of the iron founding department at the works of the above 
company is furnished. 

New Foundry at the Rochester Works of Messrs. Winget, 
Ltd. (Engineering, 1935, vol. 140, July 12, pp. 35-38). A 
Modern Foundry. (Engineer, 1935, vol. 160, July 12, pp. 44—45). 
The New Foundry of Messrs. Winget, Ltd. V. C. Faulkner. 
(Foundry Trade Journal, 1935, vol. 53, Oct. 24, pp. 305-308.) 
The plant described is designed for mass-production work, the 
material used being known as Meehanite. This metal is a 
cast iron with a calcium silicide admixture, and it is said to 
produce a grey iron having excellent physical properties, enabling 
it to be adopted for parts such as motor-car engine crankshafts, 
camshafts, and press dies. The three cupolas employed are 
stationed close to the mould conveyor, and this in turn is served 
by a row of moulding machines. A sand-conditioning plant is 
linked to the storage hoppers, feed hoppers and disintegrator by 
conveyor belts. The core-making and fettling departments have 
not yet been fully mechanised, but this will eventually be done. 
The foundry is said to be well suited to the rapid production of 
light castings in any of the five grades of Meehanite which are 
made. 

A Modern High-Output Steel Foundry. (Foundry Trade 
Journal, 1935, vol. 53, Sept. 12, pp. 195-198). The layout and 
equipment of the steel foundry of Kryn and Lahy, Ltd., Letch- 
worth, are described and illustrated. 

Modern Foundry Practice. (Machinery (Lond.), 1935, vol. 46, 
Sept. 5, pp. 685-689). An illustrated account is given of the 
equipment and methods employed at the foundry of John Harper 
and Co., Ltd., Willenhall. 

Modern Equipment Features New Ford Foundry in Canada. 
(Foundry, 1935, vol. 63, Aug., pp. 42-45, 86, 89). The equipment 
and practice at the new foundry of the Ford Motor Co. at East 
Windsor, Canada, are described and illustrated. 

Melt Metals with Natural Gas. P. Dwyer. (Foundry, 1935, 
vol. 63, May, pp. 24-26, 64). The foundry plant of the Homestead 
Valve Co. at Homestead, Pa., U.S.A., is briefly described. The 
plant is devoted to the manufacture of all types of valves ; steel 
castings are obtained from outside sources, but the non-ferrous 
and grey-iron castings are melted and cast in the foundry. The 
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salient feature of the latter is the melting equipment, consisting 
of a tilting open-flame furnace for melting iron and one tilting 
and one stationary furnace for non-ferrous work. All the furnaces 
are fired with natural gas. 

Production of High-Grade Castings for Machine Tools. D. M. 
Gurney. (Steel, 1935, vol. 97, Sept. 9, pp. 32-35). Some notes 
on the foundry plant of the Sterling Foundry Co., Ohio, U.S.A., 
are furnished. The plant produces high-grade grey-iron castings 


for machine tools. 


COOLING PHENOMENA AND DEFECTS IN 
CASTINGS. 


Surface Examinations in the Foundry. G. Stade. (Giesserei, 
1935, vol. 22, July 5, pp. 339-340). A New Method of Surface 
Examination in the Service of Corrosion Protection. A. Kufferath. 
(Korrosion und Matallschutz, 1935, vol. 11, June, pp. 133-136). 
A new form of comparison microscop:? is illust rated and described. 

Sound and Unsound Steel Castings. J. Obrebski. (Inter- 
national Foundry Congress, Brussels, 1935: Foundry Trade 
Journal, 1935, vol. 53, Sept. 26, p. 226). The author refers 
more particularly to intercrystalline cracking, which defect he 
discusses. 

Studies on Solidification and Contraction in Stee! Castings. 
II.—Free and Hindered Contraction of Cast Carbon Steel. C. W. 
Briggs and R. A. Gezelius. (Transactions of the American 
Foundrymen’s Association, 1934, vol. 42, pp. 449-476). 

Spongy Iron and the Léonard Effect. M. Kagan. (Inter- 
national Foundry Congress, Brussels, 1935: Foundry Trade 
Journal, 1935, vol. 53, Sept. 26, pp. 224-226). The author 
discusses the nature and causes of sponginess in iron, and of the 
Léonard effect (sponginess due to local and excessive heating of 
protruding portions of sand). 
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STEEL-MAKING PRACTICE. 


Modern Crucible Melting Equipment. R.H. Stone. (Industrial 
Heating, 1935, vol. 2, Apr., pp. 181-186). The subject is con- 
sidered under the following headings: (1) The furnaces, (2) the 
fuels and burners, (3) the crucibles, (4) the metal produced, 
(5) the costs. It is shown that modern crucible furnaces are often 
heated with fuel oil or gas, in which case tilting furnaces may be 
used. Special refractories of the silicon carbide type are employed 
for the furnace lining, but graphite continues to be favoured for 
the crucibles. The author also compares the costs for coke-, oil- 
and gas-fired furnaces. 

Manufacture and Properties of Bessemer Steel. C. C. Henning. 
(American Institute of Mining and Metallurgical Engineers, 1935, 
Technical Publication No. 623). After discussing the present 
status of Bessemer steel production in America, the author 
enumerates the uses of Bessemer steel, giving typical analyses 
for different applications, and describes the outstanding character- 
istics of the Bessemer process. The properties of the material 
are also described. 

The Developments in the Design and Operation of Open- 
Hearth Furnaces. R.S. Bower. (Iron and Steel Engineer, 1935, 
vol. 12, July, pp. 413-423). The author traces the history of 
the open-hearth furnace, giving an account of the development 
of the furnace itself (in point of size), the regenerators and the 
charging mechanism. Consideration is then given to meters, 
reversing valves and furnace insulation, and also furnace controls. 
Finally, an indication is given of the possible future trends in 
furnace design. 

Improving Open-Hearth Furnace Design. W. C. Buell, jun. 
(Steel, 1935, vol. 96, June 3, pp. 56-58; June 10, pp. 52-56). 
The series of articles under the above title treats of the equipment 
(regenerators, waste-heat boilers, flues, &c.), which are comple- 
mentary to the open-hearth furnace proper. In the first article 
the author describes the layout of the open-hearth furnace 
below the charging floor line, and gives the disposition of the 
various items—regenerators, slag pockets, gas flues and so forth. 
The principles which should be followed in designing the below- 
furnace layout for a 150-ton furnace are expounded. In the 
second article essential data and diagrams for the layout and 
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operation of the slag pockets serving the regenerators are detailed. 
The entrained matter which is deposited in the slag chambers may 
be of two kinds: Heavy material and light particles. Excessive 
carry-over of solid matter is, of course, undesirable. The method 
of dealing with the accumulated slag is indicated. 

Improving Open-Hearth Furnace Design. W. ©. Buell, jun. 
(Steel, 1935, vol. 96, June 17, pp. 49-52; June 24, pp. 50-54; 
vol. 97, July 1, pp. 40-46; July 8, pp. 50-53; July 15, pp. 57- 
61; July 22, pp. 45-48). In an article dealing with slag pockets, 
data are provided for the calculation of the slag pocket size, and 
the effect of improvements in design is indicated. Attention is 
then devoted to the refractories used in slag-pocket construction, 
and methods of effecting economies in this direction are sug- 
gested. The actual design of the slag pockets is then dealt with, 
particularly the construction of the arches to the pockets. In a 
subsequent article the detailed design of the steelwork for the 
slag pockets is treated, together with some special constructions 
which have been tried and found wanting. The subject of fantails 
(connecting flues) then receives attention. Fantails are used to 
connect the slag pockets and regenerator chambers. The layout 
and constructional details of typical fantails are described, and 
the various factors which influence design are examined. 

Improving Open-Hearth Furnace Design. W. C. Buell, jun. 
(Steel, 1935, vol. 97, July 29, pp. 40-45; Aug. 5, pp. 58-62 ; 
Aug. 12, pp. 54-56). In the first article on regenerators the 
dimensions of typical regenerator chambers (exclusive of the 
checkerwork contained therein) are given. The subsequent 
instalment treats of regenerator walls and roofs ; data relating to 
various types of construction are presented. In the third article 
on this subject the various details of construction are examined, 
and the superiority of insulated over uninsulated chambers is 
demonstrated. 

Improving Open-Hearth Furnace Design. W. C. Buell, jun. 
(Steel, 1935, vol. 97, Aug. 19, pp. 44-52; Aug. 26, pp. 45-50; 
Sept. 2, pp. 63-67). The detailed design of the flues connecting 
the regenerator outlets with the flue system proper is analysed. 
Two articles on the design of regenerator chambers are next pre- 
sented, in which detailed information on the construction of the 
brickwork and steelwork for these chambers is set forth. 

Relationship between the Type of Port, the Output and the 
Oxidising Effect in Open-Hearth Furnaces. I. Wesemann. 
(Stahl und Eisen, 1935, vol. 55, Sept. 12, pp. 981-989 ; Sept. 19, 
pp. 1006-1009). On the basis of operating experience with 
various open-hearth furnaces and fuel-technological considera- 
tions the author sets out the best dimensions for the ports of 
such furnaces. The resulting course of the combustion of the 
gas influences not only the output but also the oxidising effect of 
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the furnace—the term “ oxidising effect ” (Frischwirkung) is used 
in the more restricted sense of the scaling of the charge by the 
flame gases. It is to be assumed that between this oxidation of 
the scrap and the change in the rate of decarburisation and of the 
ferrous oxide content of the bath there exist close relationships, 
which require further elucidation. An experiment, intended to 
show the influence of the excess of oxygen in the flame on the 
output and oxidising effect, demonstrated that a reduction of the 
amount of excess air impairs the furnace output—hence the con- 
siderable influence of factors depending on the mode of flow of the 
gases (for instance, the position of the flame) on the output. 
Finally, it appeared, from the replies to an enquiry addressed to a 
number of open-hearth steelworks, that a close connection does 
actually exist between the dimensions of the port openings and 
the scaling of the charge, and its nature is discussed. It is apparent 
that the relations between the design of the port, the mode of 
combustion, the output, the oxidation and the reactions occurring 
during the boil need further investigation. 

Operating Results with Open-Hearth Furnaces of the Terni 
Tyre. O. Gobel. (Stahl und Eisen, 1935, vol. 55, Aug. 15, pp. 
882-889). After touching briefly on the principles of the Terni 
open-hearth port, the author gives details of the results obtained 
at seven works where such furnaces are installed (the Terni 
Works and two others in Italy, two in France, one in England and 
one in Poland). Comparison of the results shows that the varia- 
tions in the outputs, heat consumptions and lives of the furnaces 
are due to local operating conditions. A method of cooling the 
port by means of cooled clean waste gases, by which the life of 
the furnace is considerably increased, is described. The author 
adds that these figures cannot be compared with those for German 
furnaces, because account cannot be taken of the effect of the 
efficiency of the furnace crew on the results obtained. 

Gaseous Fuels in Modern Open-Hearth Furnace Practice. 
J. H. Hruska. (Industrial Heating, 1935, vol. 2, Feb., pp. 87- 
90; Mar., pp. 143-144; Apr., pp. 199-209). Producer gas is the 
fuel principally dealt with. The characteristics of this fuel are 
first considered, and this is followed by an analysis of the heat 
balance in open-hearth furnaces ; finally, the advantages of hot 
and cold gas are compared. 

The Raw Materials for the Open-Hearth Steelworks and their 
Use according to the Lessons of the War and Post-War Periods. 
L. Granger. (Revue de I’Industrie Minérale, Mémoires, 1935, 
No. 351, Aug. 1, pp. 365-371). The author discusses the influence 
of the quality of the raw material charged into the open-hearth 
on that of the steel produced, basing his remarks on his own 
experience during and after the war. During the war steel 
turnings were used for making the synthetic pig, manganese pig 
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and spiegel for the manufacture of steel with complete success, 
but after the war the quality of the steel produced depreciated. 
The author attributes this to the use of oxidised (badly rusted) 
turnings and scrap. In passing, he mentions that the pig iron 
made from such scrap was also useless for puddling. 

Investigation on Steelworks Tar. H. J. van Royen, H. Grewe, 
and K. Quandel. (Archiv fiir das Eisenhiittenwesen, 1935, 
vol. 8, May, pp. 479-488). The authors have made tests to 
check the accuracy of various methods used for determining the 
principal characteristics of steelworks tar. Of those examined, 
only the methods for estimating the specific gravity, the softening 
point of the pitch and the naphthalene content were sufficiently 
correct. The others—the fractional distillation test, the inden- 
tation test and the determination of the free carbon—gave very 
scattered results when carried out in different laboratories. 
Accordingly, the sources of error in these tests were sought out, 
and improved methods were worked out. 

Residual Metals in Open-Hearth Steel. J.D. Sullivan. (Metals 
and Alloys, 1935, vol. 6, May, pp. 134-136). Owing to the use 
of alloy steel scrap, tinplate and galvanised scrap in open-hearth 
charges, the copper, chromium, nickel and tin contents of the 
steel produced in America have been gradually increasing. 
Samples of steel produced at a number of American plants have 
been examined at the Battelle Memorial Institute and particulars 
are presented showing the amounts of residual metals present in 
the samples. 

Contribution on the Optical Measurement of the Temperature 
of Molten Iron and Steel. F. Blaurock. (Archiv fiir das Eisen- 
hiittenwesen, 1935, vol. 8, June, pp. 517-532). Of the two chief 
methods of optical pyrometry—total and partial radiation 
pyrometry—only the latter is of interest in the measurement 
of the temperature of molten iron and steel, particularly in 
“open ” furnaces ; colour pyrometry, which in theory also offers 
useful possibilities, is still awaiting the development of more perfect 
apparatus. The disadvantage of the optical method is that 
frequently the emissivity of the spot sighted on is not known 
precisely, and consequently the temperature correction is also 
uncertain. From a survey of the literature and the results of 
experiments, it would appear that errors in partial radiation 
pyrometry can be avoided, or at least minimised, in three ways: 
(1) By the use of a coloured filter of a wave-length shorter than 
that of red light ; (2) by measurement in two colours consecutively 
(with a filament-type pyrometer) ; and (3) by working out more 
precise details for the measurement in red light. Measurement 
in the green confirmed the conclusions to be drawn from the 
literature. The relative sensitiveness of the eye is, in practice, 
greater to green than to red light, and, further, the emissivity 
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appears to increase as the wave-length decreases—evenly if only 
slightly ; thus, the temperature correction for green light is about 
20 per cent. less than for red light. In the two-colour method, 
measurements are made in the red and then in the green; from 
the difference between the values obtained, the correction can be 
determined. The accuracy of the measurements is about + 15°, 
but very exactly standardised instruments and some practice are 
necessary. 

Previous experience of optical measurements has been extended 
and summarised. It is not possible to establish two fixed values 
for the emissivity, one corresponding to oxide-free iron and the 
other to oxidised iron, because the values for the surface can vary 
between 0-4 and unity ; the best that can be done is to grade into 
two groups corresponding to the two conditions mentioned, 
namely, 0-4 to 0-68 (dark) and 0-68 to 1 (light). Even at precisely 
defined positions of measurement and under apparently similar con- 
ditions, the emissivity may vary within the limiting values of these 
two groups; in general, however, these variations are Jess wide 
and lie close to certain values in practice, which can then be made 
the basis for calculation. The question whether “dark” or 
“bright ” spots should be sighted on can be decided only at the 
particular measuring point itself; in this connection it must be 
remembered that the eye can only compare brightnesses, so that 
“ bright ” and “ dark ” are not absolute values, and also “ dark ” 
always corresponds to the oxide-free condition, whereas “‘ bright ”’ 
may be due to oxidation, to reflection or to both. In observations 
on the stability of the oxide or slag coating on cast iron at tempera- 
tures of 1,360° to 1,500° C., it appeared that the coating disappeared 
at higher temperatures ; the temperature of this change seemed 
to depend in some degree on the manganese and silicon contents. 
Exact numerical data on this matter are not available, owing to 
the possible variations of composition and differences between the 
measuring points in making the determination in practice. The 
composition had an influence in helping or hindering the formation 
of the oxide coating, but no clear connection with the emissivity 
could be found. 

In the third part of the paper the author has collected together 
all the data and experience available in the form of instruction 
cards, in which are included all the information necessary for the 
carrying-out of partial radiation pyrometry in the iron and steel 
works. 

Equilibrium in the Reaction of Hydrogen with Ferrous Oxide 
in Liquid Iron at 1,600°C. M. G. Fontana and J. Chipman. 
(American Society for Metals, Oct., 1935, Preprint No. 29). 
An experimental study of the reaction of hydrogen with dissolved 
ferrous oxide in liquid iron has led to the discovery and elimina- 
tion of a source of error which had affected the accuracy of the 
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results previously reported. It was found that the equilibrium 
constant of the reaction is a true constant at all oxygen concentra- 
tions up to saturation. The results are used to obtain the free 
energy of ferrous oxide at 1,600°C. Calculations show that the 
results of this investigation constitute a confirmation of Vacher’s 
experiments on the iron-carbon-oxygen system. 

The Equilibria between Iron and Nickel and their Silica- 
Saturated Silicates. P. Bardenheuer and E. Brauns. (Mitteil- 
ungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 
1935, vol. 17, No. 9, pp. 127-132). By means of melting tests in 
sand crucibles the equilibria between iron-nickel alloys and iron- 
nickel silicates at a temperature of about 1,609° C. have been deter- 
mined. The distribution of the nickel and iron between the metal 
and the silicate slag followed approximately the ideal law of mass 
action, although the reaction concerned was not a simple double 
decomposition between the lower-oxide silicates, for noticeable 
amounts of ferrous oxide occurred in the slag. Particular attention 
was paid to the solubility relations between the metals and 
slags. It was found that the oxide content was determined almost 
solely by the ferrous oxide in the case of iron-rich melts and by the 
nickel oxide in the case of nickel-rich alloys. Nickel contents of 
up to 50 per cent. were almost without influence on the solubility 
of ferrous oxide in iron-rich melts, and the partition coefficient 
[O]}/(NiO) for nickel-rich melts was hardly affected by iron contents 
of up to 5 per cent. The solubility of nickel oxide in nickel-rich 
alloys diminished with decreasing temperature. 

Investigations on the Course of the Metallurgical Reactions 
in the Basic Open-Hearth Process. P. Bardenheuer and G. 
Thanheiser. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir 
Eisenforschung, 1935, vol. 17, No. 10, pp. 133-147). In order to 
investigate the course of the metallurgical reactions taking place 
in the basic open-hearth process, the changes of concentration, 
particularly of oxygen, in the metal and slag were observed in 
eight heats. Halfway through the heat the reaction between the 
carbon and oxygen takes place; at higher carbon contents and 
temperatures it proceeds very rapidly. So long as sufficient 
carbon (not less than 0-2 per cent.) is present in the steel and can 
react, it alone is practically the sole factor determining the oxygen 
content of the bath; as it sinks below this value, the oxygen 
content of the steel becomes more and more controlled by the 
ferrous-oxide content of the slag. It follows that, for the pro- 
duction of low-carbon steel, a finishing slag low in ferrous oxide 
is essential ; in other words, the slag must be so worked that its 
ferrous-oxide content, which may be high to start with to suit 
the carbon content of the bath, will decrease with the passage of 
time. The carbon-oxygen reaction is hindered by too low a 
concentration of one or both components, by too low a temperature 
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and by excessive viscosity of the slag; incorrect measures to 
speed it up may easily lead to an oxygen-rich end product. In 
order that the metal may be degassed the boil must be sufficiently 
long and strong. The contents of manganese in the bath and of 
manganous oxide in the slag control the ferrous-oxide content of 
the slag and consequently the oxygen “ offered” to the bath and 
the rate of boiling ; a high manganese content hinders the exces- 
sive rise of the oxygen content in a low-carbon bath. The return 
of manganese from the slag is a sure sign of a low oxygen content 
in the bath; the greater the amount of manganese reduced out 
of the slag by a low-oxygen bath, the less becomes the need for 
subsequent deoxidation. The addition of ferro-manganese or 
other ferro-alloys to deoxidise the bath entails the great Canger 
that dissolved gases are also introduced into the metal, and at 
a moment when they can no longer be removed by the boil; the 
total content of oxides can be increased instead of decreased in 
this way. Manganous oxide in finished steel can rise only very 
slowly ; on teeming, it attacks the siliceous materials in the ladle 
lining, &c., and gives rise to silicate or sand inclusions. 

The Distribution of Phosphorus between Metal and Slag in 
the Basic Process of Steel Manufacture. E. Maurer and W. Bischof. 
(Iron and Steel Institute, Sept., 1935; this Journal p. 1%). 

The Action of Carbon as a Reducing Agent in the Reactions 
of the Steelmaking Processes with Acid Slags. I’. Kérber and 
W. Oelsen. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir 
Eisenforschung, 1935, vol. 17, No. 4, pp. 39-61). On the basis 
of the results of a series of experimental melts made in sand 
crucibles, the directions in which the reactions between low- 
carbon iron melts, molten ferrous-oxide/manganese-oxide/silicates 
and solid silica proceed are first discussed. The reduction of 
silicon by iron and manganese from fluid silicates and from the 
solid silica proceeds relatively rapidly and without hindrance 
nearly to equilibrium, while the oxidation of silicon by thin 
ferrous-oxide-rich silicate may be almost completely suppressed 
by the formation of a solid skin of silica between the iron melt and 
the slag. On the basis of the experiments on the equilibria between 
low-carbon melts, acid slag and solid silica together with the 
equilibrium conditions requisite for the decarburisation reaction, 
the requirements for reaction equilibrium in the presence of carbon 
in steel melts for temperatures of 1,500° and 1,600° C., are worked 
out and discussed. A large number of tests in sand crucibles 
show that deviation of the compositions of the steel melt and 
slag from the equilibrium concentrations of the decarburisation 
reaction is a necessary but not a sufficient prerequisite for it to 
set in; the conditions for the setting-in and the delay of decar- 
burisation in melts in small sand crucibles under a slag are in- 
dicated ; the character of this reaction is discussed, and it is shown 
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that, because it results in the formation of a gas phase from a 
liquid phase, its course is very much influenced by external con- 
ditions, particularly those which affect the formation of the first 
carbon monoxide bubbles. With regard to the simultaneous pro- 
cedure of the reactions of iron, manganese, silicon and carbon 
with the oxides in the slag, the lining and the molten steel, the 
elements iron, manganese and silicon can attain their equilibrium 
concentrations in the melt and in the slag only if the carbon reaction 
proceeds very slowly. If the reaction of the carbon is lively, then 
equilibria of the iron, manganese and silicon with their oxides in 
the slag, lining and melt are disturbed ; the carbon then acts as 
such a strong reducing agent that all the other reactions become 
subordinate. In particular, if the carbon reacts vigorously, the 
oxidising action of silicate slag on the steel melt may be to a great 
extent suppressed; the carbon may then react with the solid 
silica of the crucible—the “ crucible reaction.”” The course of 
this crucible reaction for low-manganese steel melts with various 
carbon contents and for melts in which both the carbon and the 
manganese contents vary, is outlined and discussed. 

Recent Progress in Steel Making Reported from Germany. 
S. Epstein. (Metals and Alloys, 1935, vol. 6, May, pp. 113-117 ; 
June, pp. 160-164; July, pp. 181-184). An English summary 
of the work of various German investigators dealing with slag- 
metal equilibria, gases in steel, desulphurisation and other prob- 
lems in steel making. With regard to hydrogen it is suggested that 
the gas probably plays a part in the rimming action, and may 
accumulate in the interstices between the dendrites. Its presence 
may give rise to internal stresses, but since hydrogen diffuses 
easily, annealing should greatly reduce its harmful effect. A 
vigorous boil helps to eliminate hydrogen from the steel bath. 
With respect to carbon monoxide, to which the rimming action 
is chiefly due, manganese appears to play an important part in 
controlling the gas evolution, and hence the rimming action. 
Nitrogen owes its interest mainly to the ageing effect to which 
it gives rise. The influence of the furnace gases on the sulphur 
content of the steel is discussed, with particular reference to the 
reactions between the sulphur, the iron and the oxygen; in this 
connection the work of Maurer and Bischof is quoted. The slag 
reactions—more especially the equilibria between CaO, SiO,, 
and sulphur—are also considered. 

The Deoxidation of Open-Hearth Steel. G. Husson. (Revue 
de |’Industrie Minérale, Mémoires, 1935, No. 349, July 1, pp. 
317-324). This article is divided into three parts. In the first, 
the author discusses the mechanism of the action of deoxidisers 
when added to molten steel ; in the second, he deals with oxide 
inclusions ; and in the third, he gives consideration to the relation 
between the degree of oxidation of the steel and that of the slag. 
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The Desulphurisation of Pig Iron and the General Laws 
Governing the Desulphurisation of Iron. H. Wentrup. (Iron 
and Steel Institute, Carnegie Scholarship Memoirs, 1935, vol. 24, 
pp. 103-166). Insufficient scientific data have hitherto been 
available to allow of the desulphurisation of pig iron to be described 
in quantitativeterms. It is the aim of the present work to lay down 
the required principles, starting from practical observations of 
the desulphurisation of pig iron that takes place in the ladle 
and mixer, and proceeding to a statement of the laws governing 
the desulphurisation of iron in general. Attention is paid to the 
desulphurisation of iron by solution of the sulphur in a slag, by a 
diminution of the power of the iron itself to dissolve sulphur, 
by the formation within the iron of insoluble sulphides, and by 
combinations of these separate methods of desulphurisation. In 
particular, an explanation is given of the part played by carbon, 
silicon and phosphorus associated with manganese in the iron, 
and of the effect of the temperature on desulphurisation as 
learned from recent experiments. It emerges that to ensure 
desulphurisation these elements must be present, and the iron 
must be cooled. 

These principles having been established, it becomes possible 
to throw a clearer light on the processes attending the desul- 
phurisation of pig iron and on the possibilities of controlling them. 

Sulphur in Steels and Cast Irons. H. Thyssen and W. Bon- 
homme. (Revue Universelle des Mines, 1935, vol. 11, July, 
pp. 316-325). The features of the Fe-C-S, the Fe-FeS—-Mn- 
MnS and the Fe-Fe,C-FeS—Mn systems, and the mechanism of 
the desulphurisation of iron and steel by manganese are discussed. 

Steel is Desulphurised by Addition of Beryllium. W. Kroll. 
(Metallwirtschaft, 1934, vol. 13, Jan., pp. 21-23: Steel, 1935, 
vol. 96, May 27, pp. 62-63, 68). Beryllium is known to have 
a high affinity for oxygen; furthermore, it readily forms a 
sulphide, and high-sulphur steel to which beryllium has been 
added does not exhibit red-shortness. Many desulphurisers are 
effective chemically but not so effective mechanically, i.e., 
they leave objectionable sulphide inclusions at the grain 
boundaries. Beryllium sulphide is fairly light and readily absorbed 
by any slag present, or becomes evenly distributed throughout 
the metal. By its use phosphorus and arsenic may also be largely 
removed. 

Slag Control in the Making of Iron and Steel., (American 
Institute of Mining and Metallurgical Engineers, 1935, Technical 
Publication No. 625). In October, 1934, a symposium on slag 
control was held by the Iron and Steel Division of the American 
Institute of Mining and Metallurgical Engineers. The following 
papers which were read and discussed are presented in condensed 
form: Slag Control and the Blast-Furnace, by R. H. Sweetser ; 
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Slag Control in Rimming Steel, by L. F. Reinartz ; Slag Control 
Applied to Low-Carbon Steel, by F. G. Norris ; Slag Control for 
Basic Open-Hearth High-Carbon Steel, by W. J. Reagan; Slag 
Control for Recarburised Rail Steel, by A. P. Miller and T. S. 
Washburn ; Slag Control for Alloy Forging Steel, by A. L. Field ; 
Slag Contro] for Alloy Forging Steel, by R. C. Good ; Slag Control 
in Acid Open-Hearth Steel, by F. B. Foley; Slag Control for 
Basic Electric-Furnace Steel, by H. F. Walther ; Physical Testing 
of Slag, by A. B. Kinzel. 

The Recovery of Vanadium from Pig Iron. H. Zieler. (Stahl! 
und Eisen, 1935, vol. 55, Sept. 5, pp. 963-964). The article 
reviews a number of papers published in Russia describing experi- 
ments made in that country to recover vanadium from pig iron 
made from native vanadium-bearing iron ores, and concludes 
with an account of experiments made at the Volklinger Hiitte ; 
the pig was made from minette ore, and a basic Ressemer converter 
(not acid, as in the usual von Seth process) was used. The 
vanadium recovery was very low; by adding sand to the converter 
slag it was improved. The author concludes, however, that for 
the economic recovery of vanadium the blast-furnace making 
the pig must be worked basically, and the vanadium recovery 
in the converter must be carried out under an acid slag, for the 
final recovery of the vanadium is only possible commercially 
from an acid slag. 

Electric Melting Furnaces. M. Kauchtschischwili. (Zeit- 
schrift des Vereines deutscher Ingenieure, 1935, vol. 79, Aug. 31, 
pp. 1057-1062). Various modern types of are and induction 
electric furnaces are illustrated and described. 

On the Subject of the Operation of Electric Furnaces. M. 
Guédras. (Métaux, 1935, vol. 10, Jan., pp. 22-25). <A critical 
commentary on a paper by R. Lemoine on the conduct of the 
operations in a basic electric furnace (Journ. I. and 8.1., 1934, 
No. II., p. 563). 

The Development of the Coreless Induction Furnace. (Metals 
and Alloys, 1935, vol. 6, May, pp. 119-124). The history of the 
development of the coreless induction furnace is traced. One 
of the earliest patents covering the use of high-frequency current 
for heating was issued to C. P. E. Schneider, the French ironmaster, 
but the patent appears to have been abandoned, and it was left 
to Northrup to develop the high-frequency furnace. 

The Construction and Application of the Coreless Induction 
Furnace in Electric Steel Practice. F. Pélzguter. (Stahl und 
Eisen, 1935, vol. 55, July 18, pp. 773-779). The author shows 
that coreless induction furnaces of 4 tons capacity can nowadays 
be operated economically and with certainty. The plant and 
arrangement of a 4-ton furnace are described, and, with a 1-ton 
furnace as an example, the influence of differences in the form 
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of the windings on the output is demonstrated. By a comparison 
of the thermal balances of the 4-ton and 1l-ton furnaces, the 
author completes the picture of the mode of operation of the 
former. From the metallurgical aspect, the furnaces have satis- 
fied completely all demands in regard to the production of high- 
alloy steels. Owing to low losses by burning, they work particu- 
larly economically. For the making of special-steel castings—a 
comparatively new branch of the special steel industry—coreless 
induction furnaces have become indispensable. 

Construction and Operation of Large Coreless Induction 
Furnaces. F. Badenheuer. (Stahl und Eisen, 1935, vol. 55, 
Aug. 1, pp. 821-825). The two coreless induction furnaces 
referred to in this article are installed in the electric steelworks of 
Fried. Krupp, Essen, and are largely used for making soft, high- 
alloy steels. After a brief description of a 750-kg. furnace, the 
author gives details of experiments made to determine the influence 
of the condition of the charge scrap or the ‘* charge factor ” on the 
power absorption of the furnace, and the overall efficiency is dis- 
cussed from the point of view of the heat balance. The ‘ charge 
factor ”’ (Fiil/faktor) is the ratio of the weight of the scrap placed 
in the furnace at the commencement of melting to the weight of 
the mass of metal which would completely fill the crucible to the 
top edge of the winding. The charge factor does not entirely 
characterise the quality of the scrap ; for instance, turnings which, 
by reason of their condition, could arrange themselves more easily 
along the lines of force would give less favourable results than 
other material which could not so adjust itself. Average current 
consumption values for normal operation in the furnace are also 
given. The author then gives a short account of a 4,000-kg. 
furnace and records the efficiencies obtained with it, and concludes 
with a description of the mode of working from the metallurgical 
standpoint. The author considers that large-size coreless induction 
furnaces have now become indispensable for the manufacture of 
special steels ; the limitation of the fields of application as com- 
pared with the arc furnace, with regard to the metallurgical 
possibilities of the two methods of steel production, is merely a 
question of expediency. 

Developments in High Frequency Furnace Design. (Machinery 
(Lond.), 1935, vol. 46, July 25, pp. 511-512). The low power factor 
of high-frequency furnaces necessitates the use of condensers. 
It is shown that successful H.-F. condensers are now available, 
and that this fact, together with improvements in the design of 
the furnace casing, has made comparatively large furnaces 
possible. 
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SLAGS. 


On the Viscosity of Acid and Basic Open-Hearth and Cupola 
Furnace Slags in Molten State. JT. Matsukawa. (Taniguchi 
Foundation for the Promotion of Industrial Progress, Mar., 
1935). The viscosities of acid and basic open-hearth and cupola 
slags were studied, using the rotating cylinder method. The 
viscosities of the steel slags were compared with that of molten 
iron. Acid open-hearth slag was found to be more viscous than 
basic slag, while both slags gave steep, but continuous, tempera- 
ture/viscosity curves, there being no sudden change of slope due 
to primary crystallisation. The effect of fluorspar additions was 
examined. Fluorspar greatly reduces the viscosity of basic open- 
hearth slags, while, of the CaF, added, about 15-16 per cent. 
remains in the slag. Acid slags containing varying proportions of 
MnO, FeO, and MgO, were investigated. Ferrous oxide decreases 
the melting temperature and improves the fluidity, while MnO 
increases both the fluidity and melting temperature. If MnO is 
made to replace FeO the viscosity is increased. In basic slags MnO 
improves the fluidity and lowers the melting temperature ; a slag 
rich in MgO tends to be thin, but has a high melting temperature. 
It was found that during the refining period the viscosity of the 
slag is at first small, owing to the presence of iron ore, scale and 
fluorspar. As equilibrium is approached and material from the 
furnace banks is absorbed, the slag becomes thicker. In the case 
of cupola practice it was observed that the most fluid slag was 
obtained by adding 4 per cent. of limestone to the charge ; this 
slag also had the lowest melting point. When such a slag is used 
the cast iron produced has chemical and mechanical properties 
superior to those of other irons. 

Slag Systems. R. Hay, J. White, and A. B. McIntosh. 
(Journal of the West of Scotland [ron and Steel Institute, 1935, 
vol. 42, Mar., pp. 99-103). The investigators record some 
results obtained by heating binary mixtures of MnO and AI,O, 
(up to €O per cent. Al,O,) for the purpose of determining the 
constitutional diagram and the nature of the constituents present. 
A number of melts were sectioned, polished and examined by the 
microscope under reflected light. Experiments were also under- 
taken on ternary slags of the FeO-MnO-SiO, type, with reference 
to the reducing effect of carbon. The slags were heated with 
carbon and the pressure of the CO evolved was recorded. The 
activity of the slags in respect of carbon oxidation was found to 
be: FeO, knebelite, fayalite and manganese silicate, in that order. 
Further experiments were performed, using small steel crucibles 
of 0-75 per cent. carbon content, to determine the degree of decar- 
burisation which occurred, and hence the effect of the slag on the 
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iron carbide. FeO and fayalite were found to be the most active : 
MnO and rhodonite were comparatively inactive. 

The Ternary System FeO-MnO-SiO,. W.R. Maddocks. (Iron 
and Steel Institute, Carnegie Scholarship Memoirs, 1935, vol. 24, 
pp. 51-68). The ternary diagram FeO-MnO-SiO, has been 
studied by methods of thermal analysis. The melting surface of 
a wide range of compositions has been determined. A ternary 
eutectic appears at a composition of 50 per cent. of FeO, 20 per 
cent. of MnO and 30 per cent. of SiO,, which melts at 1,170° C. 
A phase diagram of the system has also been constructed from the 
approximate measurement of the various constituents present in 
the solid melts. <A brief résumé of the usefulness of the diagram 
in understanding acid open-hearth slags and the deoxidation of 
steel is given. 

Templeborough Tar-Macadam Works. (Iron and Coal Trades 
Review, 1935, vol. 131, July 19, pp. 81-82). An account is 
furnished of the plant of the Slag Reduction Company, Ltd., for 
the production of tar-macadam from steelworks slag. The plant 
has a capacity of 1,000 tons a week. Slag from the tip is trans- 
ferred by crane to a crusher and so to a rotary screen for sizing. 
It is again screened for grading, and transferred to slag hoppers. 
Belt conveyors and a skip hoist take the slag to a gas-fired drier, 
from which it passes to the mixer. The tar for the mixer is electric- 
ally heated, and is delivered to a mixer of the travelling-paddle 
type. The tar-macadam is taken from the mixer and stored in 
hoppers. 





STEEL PLANTS. 


The Manufacture of Steel in Open-Hearth Tilting Furnaces 
at the Appleby Plant of United Steel Companies, Ltd. A. Jackson. 
(Newport and District Metallurgical Society: Iron and Steel 
Industry, 1935, vol. 8, Aug., pp. 430-435). The author traces 
the manufacture of open-hearth steel from the mining of the 
North Lincolnshire ore to the entry of the ingots in the rolling- 
mill. The chief features of the melting shop are the 500-ton mixers, 
of which there are two, and the tilting furnaces, eight in number, 
and each of 120-300 tons capacity. A 150-ton fixed furnace is 
also in use. The author gives an account of the steel melting 
practice at the above works. 

Acid-Bessemer Plant at Workington. (Iron and Coal Trades 
Review, 1935, vol. 131, Sept. 20, pp. 444-445). A description of 
the acid Bessemer steel plant at the Workington branch of 
the United Steel Companies, Ltd., is given. The melting plant 
consists of two Duncan Stewart-Demag 25-ton acid converters, 
each driven by two 125-H.P. electric motors. The converters are 














PRODUCTION OF STEEL. 389 


worked alternately, being fed from a mixer of 400 tons capacity. 
The metal from the converters is tapped into 25-ton ladles and 
transported to the casting shop where ingots up to three tons in 
weight are cast. 

Works of the Millom and Askam Hematite Iron Company, 
Limited. (Iron and Coal Trades Review, 1935, vol. 131, Sept. 20, 
pp. 446-449). The development of the Millom and Askam Works 
is traced, and an account of recent reconstruction is given. Two 
78-ft. blast-furnaces, each with a capacity of 250 to 270 tons of 
pig iron per day have been erected, and more efficient fillings 
have been provided for the Cowper stoves. The plant also com- 
prises a blast-furnace of comparatively modern construction 
which will undergo alteration, three turbo-blowers and a compre- 
hensive gas cleaning plant. Sintering equipment designed for a 
daily output of 500 to 600 tons is in the process of erection. 

The Irlam Works of the Lancashire Steel Corporation Limited. 
(Iron and Coal Trades Review, 1935, vol. 131, Sept. 20, pp. 
468-471). The equipment of the above works includes three 
travelling cranes, capable of handling 4,000 tons a day, coking 
plant comprising fifty-one Becker ovens and the attendant 
by-products plant, four blast-furnaces, producing basic open- 
hearth iron, and eight basic open-hearth furnaces. The latter 
consist of five 50-ton and three 90-ton furnaces, and there is, in 
addition, a 300-ton active tilting mixer. The rolling-mill equip- 
ment includes a 36-in. two-high reversing cogging mill, serving a 
two-high reversing mill for medium and heavy vy sections and a three- 
high mill for light sections. A Morgan continuous rod mill is also 
installed. 

The United Steel Companies. 1.—The Templeborough Works 
of Steel, Peech and Tozer. (Foundry Trade Journal, 1935, vol. 52, 
June 27, pp. 427-428). An account of the equipment at the 
above works is given. The melting department comprises fourteen 
80-ton open- -hearth steel furnaces, serving a 36-in. cogging mill 
rolling a 5-ton ingot into 6-in. blooms, followed by a continuous 
billet mill in which the blooms are reduced to 4-in. square. 
A second mill enables a reduction to 1} in. square to be eflected 
if required. The billets are cut up by flying shears and delivered 
to the hot bank. These billets are further reduced in the strip 
and bar mills of the United Strip and Bar Mills branch which 
lie adjacent. 

The United Steel Companies, Limited. 2—Samuel Fox and 
Company, Limited. (Foundry Trade Journal, 1935, vol. 52, 
June 27, p. 428). Among the points of interest at the works of 
Samuel Fox and Co., Ltd., are two H.-F. steel melting furnaces 
of 2 and 5 tons capacity, and a central research department 
which meets the needs of The United Steel Companies, 
Limited. 
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East Hecla Works of Hadfields, Limited. (Foundry Trade 
Journal, 1935, vol. 52, June 27, pp. 431-432). A brief account 
of the various departments of the above concern is provided. 

The Works of the South African Iron and Steel Industrial 
Corporation in Pretoria. W. Krebs. (Stahl und Eisen, 1935, 
vol. 55, Oct. 3, pp. 1057-1065). After touching on the history 
of the origin of the steel industry of South Africa, the author 
gives a detailed illustrated account of the composite works of the 
Corporation, and discusses the operating conditions and the 
results so far obtained. 

Development of the Krupp Works at Essen. (Metallurgia, 
1935, vol. 12, July, pp. 77-80). A short description is given of 
the development of the various branches of the firm of Fried. 
Krupp. A.-G. 

150 Years of the Werk Konigshuld. K. Jiirgens. (Stahl 
und Eisen, 1935, vol. 55, Sept. 12, pp. 977-981). A brief historical 
survey is given of the Werk Ko6nigshuld of the Vereinigte Ober- 
schlesische Hiittenwerke, A.-G., which celebrated its one hundred 
and fiftieth anniv: rsary on Sept. 8, 1935. 

A Century and a Quarter of Iron and Steel. (Iron Age, 1935, 
vol. 136, July 4, pp. 35-50). This article constitutes a short 
history of the progress and development of the Lukens Steel 
Co., U.S.A. The primitive methods in use in the early days of 
the American iron and steel industry are mentioned, and the 
establishment of the Lukens works is described; the material 
treated was charcoal iron, and the rolling mill was served by a 
water-wheel. Steam power was subsequently introduced and 
mild steel boiler plate was rolled. To-day the equipment consti- 
tutes a highly modern steelworks comprising open-hearth furnaces, 
a large rolling mill and auxiliary plant for the production of plate, 
sheet and similar material. 


STEELWORKS MACHINERY. 


Selecting Gearing for Cranes for Steel Mill Service. S. L. 
Crawshaw. (Steel, 1935, vol. 97, July 29, pp. 20-31). Some of 
the factors governing the choice of gears for service in steel mill 
cranes are considered. The author is of the opinion that spur 
or helical gears are to be preferred to the herring-bone type, 
since impact is thereby lessened and the necessity for precise 
axial alignment removed. He recommends that forgings be used 
where possible, and that if castings are employed these should 
be properly normalised. Data on the working tolerances and 
physical properties of gear teeth are also given. 

Electro-Magnetic Devices for the Iron and Steel Industry. 
(Iron and Steel Industry, 1935, vol. 8, May, pp. 329-330). Certain 
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items of equipment, such as lifting magnets, magnetic chucks, 
clutches, and brakes, are briefly considered. 





CASTING AND TREATMENT OF INGOTS. 


Some Notes on Ingot Moulds. T. Swinden and G. R. Bolsover. 
(Institute of British Foundrymen, July, 1935: Iron and Coal 
Trades Review, 1935, vol. 131, July 12, pp. 44-46: Engineer, 
1935, vol. 160, July 26, pp. 100-102). The authors discuss the 
effect of ingot mould composition on the life and cost of the 
mould and the quality of the resultant ingot. Data concerning the 
moulds used by the United Steel Companies, Ltd., are furnished. 
It is suggested that, on the basis of past experience, little is to be 
gained by using ingot moulds of alloy cast iron. The type of 
mould adopted will depend on many factors, but once this is 
decided upon, it is found that an optimum wall thickness is 
obtainable. The authors analyse the reasons for mould failure, 
and consider that “* major cracking ”’ is the prime cause, and that 
this is brought about by the inability of the mould to accommodate 
itself to the unequal expansion which takes place. Steel moulds 
have been tried, but have failed owing to the resultant severe 
distortion in service. 

Copper Stools for Ingot Moulds.—I. C. E. Williams and 
H. B. Kinnear. (Metals and Alloys, 1935, vol. 6, July, pp. 169- 
172). In the first place, it is shown that, although copper stools 
have a lower melting point than those of cast iron, the greatly 
superior thermal conductivity of the copper not only enables 
stools of this material to be employed, but also lengthens the life 
of the mould and improves the quality of the ingot. The authors 
go on to discuss the method of casting (in water-cooled moulds), 
the type of copper used (tough-pitch copper of high conductivity) 
and the design of the stools. To avoid overheating of the surface 
of the stool a sufficient mass of copper must be employed—at least 
two-thirds the weight of the ingot cast. When failure takes place 
it is by local cracking and fissuration; hence, if a laminated 
design is adopted the sections which are thus affected may be 
replaced by new cakes of copper ; in addition, if lamin are used, 
thermal stresses have a less severe effect. 

Feeder Head and its Importance in the Production of Steel. 
S. Wohlfahrt. (Jernkontorets Annaler, 1935: Stahl und Eisen, 
1935, vol. 55, Sept. 26, pp. 1032-1033). 

The Influence of Nozzle Refractories on Teeming Speeds of 
Ingots. A. Jackson. (Metallurgia, 1935, vol 12, Sept., pp. 158- 
160). Brief reference is first made to the defects which may arise 
from faulty teeming; they include lapping, cracking, shelling 
and ‘‘ hanging crusts.’ The nozzle characteristics are shown to 
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affect the rate of teeming, this latter being also influenced by the 
head of steel in the ladle and its fluidity. The materials used for 
nozzles are critically examined, and in conclusion some notes on 
teeming speeds are given. 

Sixth Report on the Heterogeneity of Steel Ingots. (Iron and 
Steel Institute, Sept., 1935, Special Report No. 9). This Report 
is divided into twelve sections, the first of which is introductory 
in character. The second deals with the examination of further 
ingots, including examples of rimming steel, semi-killed steel and 
killed steel, and of centrifugally cast steel. Section III., by 
J. H. Andrew, T. Raine, and 8. B. Vickers, on the origin and 
formation of inclusions, and Section IV., a critical examination 
of the vacuum fusion method for the determination of the total 
oxygen in steel, by H. A. Sloman, contain the results of researches 
upon the oxygen content of steel. Section III. includes a com- 
parison of the hot extraction and iodine solution methods of oxygen 
determination. The fifth section of the report is a bibliography 
of knowledge extant as regards the oxygen content of steels. 
T. Swinden and W. W. Stevenson contribute a section on the 
determination of nitrogen in steels, and this is followed by a 
bibliography on the occurrence of this element in steels, by G. C. 
Lloyd. In Section VIII., Swinden and Stevenson describe some 
experiments in which gases were passed through liquid steel and 
the effect on the soundness of the resulting ingots was noted. The 
section which follows, by J. H. Andrew and H. Elliss, gives the 
results of tests carried out on steel ingots melted in vacuo and 
under various gases. J. H. Andrew and E. M. Trent discuss the 
relations between segregation and gas formation, and describe 
experiments which throw light on segregation phenomena, whilst 
in Section XI. the influence of casting temperature upon the 
position of blow-holes in steel ingots of varying oxygen and carbon 
content is considered by C. A. Edwards, R. Higgins, M. Alexander, 
and D.G. Davies. The effect of mould design was also investigated. 
The last section constitutes a theoretical discussion by L. Northcott 
of the constitution of liquid and solid steel and of the influence of 
differential solidification on the segregation effects in steel ingots. 

Morphology of the Inclusions in Siderurgical Products. A. M. 
Portevin and R. Castro. (Iron and Steel Institute, Sept., 1935 ; 
this Journal, p. 237). 

Non-Metallic Inclusions in Steel. G. R. Bolsover. (Metal- 
lurgia, 1935, vol. 12, July, pp. 83-84). In this article the author 
describes a method of assessing the quality of a steel by counting 
the inclusions. Sections from the ingot under examination are 
viewed under the microscope; the inclusions revealed are com- 
pared with standard micrographs, and the section is rated on this 
basis. 
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REHEATING FURNACES. 


Soaking Pits. G. R. McDermott. (Iron and Steel Engineer, 
1935, vol. 12, June, pp. 369-371). The author compares the 
performance and construction of recuperative and regenerative 
soaking pits and pronounces in favour of the former. He points 
out that a recuperative pit enables more efficient combustion to 
be attained and requires a smaller mass of checker-work. The 
author also makes brief reference to the application of automatic 
pyrometer control to the firing of soaking pits. 

Contribution on the Heating of Ingots in the Soaking Pit. 
W. Heiligenstaedt. (Stahl und Eisen, 1935, vol. 55, June 13, 
pp. 657-658). The author discusses the question: How long 
should an ingot stand in the open before charging into a soaking 
pit, in order that its temperature may become uniform and at 
the same time remain ‘sufficient for the subsequent rolling 
operation ? He presents diagrams showing the change of the 
average ingot temperature with time in the open and in the 
furnace, and also of the difference in temperature between the 
inside and outside of the ingot under the same conditions. 

Anticipating Future Demands upon Continuous Heating 
Furnaces. H. T. Watts. (Steel, 1935, vol. 96, June 17, pp. 30 
34, 58). The improvements which have been made to continuous 
heating furnaces, with the objects of securing greater output and 
more economical working, are recounted, and further suggestions 
are made. The process of heat transfer within the furnace is 
examined, and certain modifications in design are recommended 
with the object of increasing the heat transfer at the feed end of 
the furnace. 

Forging Furnaces. A. M. Steever. (Industrial Heating, 1935, 
vol. 2, Mar., pp. 127-128; Apr., pp. 177-180; June, pp. 301 
302). The furnaces are classified first as ferrous or non-ferrous, 
and then as batch or continuous furnaces. Some of the important 
factors which determine the design and performance of forging 
furnaces are next considered; these include the design of the 
controlling equipment, and the purpose for which the furnace is 
likely to be used. 
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1,000-Ton Hydraulic Press. (Engineering, 1935, vol. 139, 
May 31, p. 581). A brief description of a 1,000-ton press for 
work on steel plates up to 2 in. in thickness is given. 

Solid Frame Forging Press. W.C. Kernahan. (Heat Treating 
and Forging, 1935, vol. 21, Apr., pp. 179-181). The frame of 
the press is in one piece of cast steel, and very stiff and rigid. 
The main shaft is a steel forging, and the main gear is of built-up 
welded steel construction. 

750-Ton Hydraulic Presses Form Sheets for Solid Steel Auto 
Tops. (Steel, 1935, vol. 96, May 27, pp. 53-54). Two presses 
are described, each 36 ft. high, toggle-actuated, hydraulically 
operated, and capable of forming the roof of a motor car body 
every 10 sec. They are of the triple action type; the three 
actuating devices (blank holder, inner slide and die cushion) 
may be operated independently or in concert. 

New Equipment Aids Production of Larger Auto Body Stampings. 
(Steel, 1935, vol. 97, Aug. 5, pp. 45-46). A description of a new 
500-ton press, installed by the Mur:ay Corp. of America, Detroit, 
is furnished. The press is of welded steel plate construction, 
of the four-point suspension type, and is 30 ft. high, the bed 
measuring 80 in. x 124 in. The speed is eight strokes per min., 
power being supplied by a 30-H.P. motor. The machine is used 
for the production of large quarter panels; for this work large 
sheets are required, and in order to economise material the blanks 
are built up from two sheets which are flash-welded together, the 
weld being subsequently trimmed and flattened. In this way 
excessive scrap loss is avoided. 

Bronze. Its Use as a Forming and Drawing Material. J. D. 
Kaiser and G. K. Dreher. (Iron Age, 1935, vol. 136, July 25, 
pp. 22-23, 78). The material described is produced by Ampco 
Metal, Inc., Milwaukee, Wis., U.S.A. It is a bronze containing 
copper, aluminium and iron, with a Brinell hardness in the 
as-cast condition of up to 340. Dies made of this alloy are said 
to outlast dies of steel or cast iron and to require less frequent 
redressing; they also give a superior finish. Although not 
suitable for cc r:ain types of service—such as blanking and forging 
—dies of Ampco metal are stated to be excellent for ordinary 
sheet metal pressing operations. 

Forging in the Far East. G. W. Motherwell. (Heat Treating 
and Forging, 1935, vol. 21, June, pp. 271-274). The author 
relates his experience in starting a new forge shop, at the 
Nissan Automobile Co., Japan, for the manufacture of ‘‘ Datsun ” 
motor cars. The shop is equipped with air-hammers, drop 
hammers, upsetters, and a forging press, in addition to the usual 
auxiliary machines. The equipment is entirely modern. The 
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operators had to be trained to do the work, since there appears 
to be no modern forging shop (other than the one described) in 
Japan, and hence there were no skilled workers. They proved 
highly alaptable, however, and the plant is now turning out 
enough forgings for 1,000 cars a month. 

Manufacture of Steel Forgings. T. M. Service. (Metal Treat- 
ment, 1935, vol. 1, Summer Number, pp. 76-81: Iron and Coal 
Trades Review, 1935, vol. 131, Sept. 6, pp. 347-349). In this 
article the quality of the steel, the heat treatment, and the 
technique of forging are considered in a general way. The methods 
of forging a number of typical articles —such as connecting rods, 
crankshafts, boiler drums and rotor forgings—are described. 

Steel Forgings and Drop Stampings. A. B. Winder. (Iron 
and Steel Industry, 1935, vol. 8, May, pp. 331-334). In connection 
with heavy forgings, the author mentions that ingots up to 200 
tons in weight may be cast, although the furnaces are usually acid 
open-hearths of only about 40-60 tons capacity. For high-alloy 
steels the electric furnace must be used, which somewhat limits 
the size of ingot obtainable. With large ingots segregation 
becomes important, and with both large and small ingots (as for 
drop stamping) reheating should be carefully done. 

Production of Sound Forging Steel for the Drop-Stamper. 
N. H. Bacon. (Sheffield Trades Technical Societies: Iron and 
Steel Industry, 1935, vol. 8, Aug., pp. 436-439). The author 
traces the production of steel for drop-stamping from the charging 
of the furnaces to the examination of the billets. 

Mechanical Forging Manipulators. (Iron and Coal Trades 
Review, 1935, vol. 131, Aug. 16, pp. 237-238). An account of the 
forging manipulator machines built by Davy Bros., Ltd., Sheffield, 
is presented. The manipulators are of the following types: (a) 
Floor travelling revolving type, (+) floor non-revolving straight- 
line type, (+) straight-line travelling bridge type, (d) fixed radial 
bridge type. The functions and handling capacities of these 
appliances are described in detail. 

Drop Forging Practice. A. M. Steever. (Industrial Heating, 
1935, vol. 2, Jan., pp. 14-18, 33; Feb., pp. 65-72). Among the 
sub ects dealt with by the author are the following: Forging 
methods and materials; dies and tools, and forging defects ; 
heating for forging, including the errors to be avoided and the 
furnaces used ; and the design, cleaning and inspection of forgings. 

Hot Working and Heat Treatment of Stainless Steels. O. K. 
Parmiter. (Industrial Heating, 1935, vol. 2, Sept. pp. 461-466). 
The author classifies the types of stainless steels according to 
composition and applications and goes on to consider the forging 
treatment suitable for these steels. Instructions for forging the prin- 
cipal types of stainless steel, together with the temperature ranges 
at which the various operations should be carried out, are given. 
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Surface Cracking in Forged Shaft and Axle Journals. H. H. 
Ashdown. (Metal Progress, 1935, vol. 27, May, pp. 29-33). 
Axles and shafts subjected to severe service conditions sometimes 
develop large cracks, which are either longitudinal or akin to 
cracks produced by heavy grinding (shatter cracks). Two such 
failures were examined. It was found that the metal in each 
case was sound, and had received the correct mechanical and 
heat treatments. As an explanation the author suggests that 
the heavy skin stresses imposed upon axles, due to rapid braking 
and possibly inadequate lubrication, gave rise to surface rupture 
and the formation of cracks. 

Influence of the Degree of Forging and of the Section Heat- 
Treated on the Mechanical Properties of Structural Steels. 
H. Korschan and E. Maurer. (Stahl und Eisen, 1935, vol. 55, 
Aug. 1, pp. 828-830). The mechanical properties of oil-quenched 
bars of carbon, manganese, nickel and chromium-nickel-molyb- 
denum steels, 40 mm. square in cross-section were determined : 
the materials had been subjected to two different degrees of 
forging, namely, in the ratio of 1 : €5 and 1:5. The mechanical 
properties of the oil-quenched specimens tested in the form of 
40 mm. square bars after forging to one-sixty-fifth, in comparison 
with the results obtained on longitudinal test-pieces removed 
from oil-quenched blooms of the same materials, 920 mm. in 
diam., which had been forged to one-fifth and then oil-quenched to 
yield the same tensile strength, revealed an increase of about 40 
per cent. in the yield point, about 37 per cent. in the reduction of 
area and up to 128 per cent. in the notch toughness. In order to 
determine whether this improvement of the mechanical properties 
was due to the stronger action of the oil-quenching on sections 
only 40 mm. square or to the more severe forging, pieces 40 mm. 
square were cut out of the blooms of 920 mm. diam., forged five- 
fold, and were likewise quenched in oil and tested. Comparison 
of the results demonstrated that the increase in the mechanical 
properties in sections 40 mm. square was essentially due to the 
greater effect of heat treatment on the small section and not to 
the greater degree of forging. 

The Increase of Deformability and the Decrease of the Ability 
to Fissure with Increasing Temperature. G. Tammann and W 
Miller. (Zeitschrift fiir Metallkunde, 1935, vol. 27, Aug., pp 
187-189). The experiments described, which were carried out 
on iron and non-ferrous specimens, confirm practical experience 
that hot deformation requires the application of‘less force than 
cold-working, and that fissuration is then less to be feared than 
during cold deformation. With increasing temperature the 
liability to fissure and to cleavage and the friction during slip 
decrease. At raised temperatures types of slip may occur which 
are not possible at lower temperatures. More force is required 
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to produce deformation when the direction of slip is closely 
restricted than when slip can occur in all directions in the plane 
of slip; if the latter condition holds at raised temperatures, the 
deformability is favoured. 

Stampings: Estimating Blanks for Drawn Parts. J. K. 
Olsen. (Machinist, 1935, vol. 79, June 1, pp. 264E-266r). The 
principles upon which the estimation of the areas of blanks for 
drawn parts is based are set forth, with illustrative examples. 

Influence of the Dimensions of the Drawing Tool on the Results 
of the Deep-Drawing Test on Steel Sheet. W. Tonn and W. 
Piingel. (Archiv fiir das Eisenhiittenwesen, 1935, vol. 8, May, 
pp. 511-514). The authors have carried out deep-drawing tests 
on steel sheets of various thicknesses in Erichsen and Guillery 
apparatus, of which the dimensions of the drawing plates were 
varied. It was found that the depth of drawing increased as the 
diameter of the punch or of the die and the radius of the drawing 
edge of the latter were increased ; these relations were determined 
numerically. The influence of the wear of the drawing tool is 
so slight that even a badly worn testing machine will not give 
rise to inaccurate measurements. 

Cold Finished Bars. J. D. Armour. (Metal Progress, 1935, 
vol. 27, May, pp. 43-48). Bars finished by turning and polishing 
and by grinding are briefly mentioned, and the production of 
cold-drawn bars is then dealt with. It is pointed out that the 
tensile strength of mild-steel bars may be greatly improved by cold- 
drawing, although the ductility is somewhat reduced. The im- 
provement in the case of alloy or high-carbon steels is less marked. 
Machinability is a highly desirable property, generally attained by 
the introduction of high sulphur contents. Low-sulphur steels 
may be given good machining properties by suitable heat treat- 
ment, whilst the presence of high manganese contents (up to 1-60 
per cent.) confers good machinability and allows the steel to be 
carburised without difficulty. 

Evolution of Steel Shapes Processing. L. M. Waite. (Iron 
Age, 1935, vol. 136, July 25, pp. 18-20, 78, 80). Numerous 
attempts have been made to devise a machine for the extrusion of 
ferrous materials on a commercial basis. Hitherto, difficulties 
associated with the heavy wear on the dies have proved insur- 
mountable. In the machine which is described, it is proposed to 
use the sudden explosive force of air pressuré in a 14,000-ton ex- 
trusion press, the object being greatly to shorten the extrusion 
time, and hence the duration of contact between the hot material 
and the parts of the press; a time of 5 sec. is mentioned. The 
machine itself employs air and water pressure. Hydraulic pumps 
serve water vessels which are in turn coupled to the air containers. 
The water is made to force air into the air vessels ; this is repeated 
until the air cylinders have become fully charged with compressed 
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air. Extrusion is performed by opening the appropriate valves, 
when the air suddenly expands against the water, which in turn 
exerts pressure on the extruding ram. Additional pneumatic and 
hydraulic cylinders are used to provide a return motion for the 
ram. 
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The Influence of Certain Types of Roll Design on the Occur- 
rence of Seams in Rolled Bars. H. Cramer. (Stahl und Eisen, 
1935, vol. 55, July 25, pp. 797-805). Seams, which give rise to 
fissures in rolled material, can occur at all parts which can spread 
unrestrictedly, that is, where the section is not bounded by the 
pass; further, their occurrence is favoured by heavy pressure 
and by vertical boundaries to the section. Experiments made 
to discover the cause of this phenomenon, carried out with materials 
of which the original areas were equal, were abortive ; the various 
systems of roll design were then examined, and the rectangle—oval 
series and its possibilities of causing defects—of which one lies in 
the deformation of the always cooler edges of the rectangular 
section—were investigated. In order to avoid the formation of 
minor seams in the last passes, tests were made with the following 
pass shapes and sequences: Oval upset pass, round upset pass, 
and round—oval and oval—oval pass sequences ; the results obtained 
are detailed. The octagonal pass and its advantages are also 
considered. Finally, the oval-oval sequence developed by G. B. 
Lobkowitz and the results obtained with it are dealt with in detail. 

Phenomena in the Roll Opening, in particular, the Position 
of the Flow Dividing-Line and the Magnitude of the Forward 
Flow during Rolling. T. Dahl. (Archiv fiir das Eisenhiittenwesen, 
1935, vol. 9, July, pp. 15-21). The author presents a mathe- 
matical study of the phenomena occurring within the opening 
between the rolls during the rolling of metals. Formule are 
given for the conditions for the material to be gripped by the 
rolls and to be drawn through the pass, and also for the position 
of the flow dividing-line (flow dividing-lines are lines of maximum 
pressure within the space in which deformation takes place ; the 
particles of the material flow by plastic deformation in the direction 
of maximum pressure decrease) and for the magnitude of the 
forward flow of the material during rolling. Comparison of the 
calculated values with practical experimental date slows that 
the formule represent accurately at least the nature of the 
processes. 

Composite Rolls. (Iron Age, 1935, vol. 136, Sept. 19, pp. 
28-29). An English summary of a paper by H. Cramer describing 
the use of collared rolls. The original article appeared in Stahl 
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und Eisen, 1935, vol. 55, Feb. 28, pp. 235-239. (See Journ. 
I. and S.L., 1935, No. I. p. 395). 

Pasopas Roll-Pressure Measuring Device. (Stahl und Eisen, 
1935, vol. 55, Oct. 3, pp. 1070-1071). One end of a lever carries 
a small roller, which is pressed against the underside of the lower 
roll of the mill ; the other end of the lever actuates a membrane 
attached to a container connected to an autographic recorder, the 
variation of pressure (of the air or other fluid) caused by the 
movement of the membrane operating the recording apparatus. 
The mechanism records the flexure of the roll, and is calibrated 
to show this in terms of pressure. 

Automatic Conirol for a Roughing Mill. L. A. Watson. 
(Electrical Engineering, 1935, vol. 54, June, pp. 656-660). LIllus- 
trated particulars are given of automatic screw-down equipment 
recently built for a 3-high roughing sheet-bar mill, and a semi- 
automatic screw-down control installed on another 3-high roughing 
mill. 

Electric Controllers for Three-High Sheet Roughing Mill 
Screwdowns. J. J. Mellon. (Iron and Steel Engineer, 1935, 
vol. 12, July, pp. 430-432). The electrical controlling equipmgnt 
for service in a three-high sheet roughing mill serewdown gear is 
described. Very rapid action was required, and care was taken 
to reduce the inertia of the screwdown motors to a minimum ; 
they were designed to work in series on the down motion and in 
parallel when operating in the reverse direction. Limit switches 
and safety devices were embodied in order to eliminate error in 
setting the rolls for the various passes. 

Automatic Screwdown Control. R. M. Bayle. (Iron and 
Steel Engineer, 1935, vol. 12, July, pp. 425-429). A description 
of the electrical automatic screwdown control gear used in the 
production of heavy-flange H beams is furnished. A second type 
of control—that for a three-high sheet mill—is also dealt 
with. 

Automatic Preset Screwdown Control. W. M. Ballenger. 
(fron and Steel Engineer, 1935, vol. 12, July, pp. 434-436). 
Considered electricaily, the Preset control consists of two Selsyn 
units coupled to two Thyratrons so as to form a relay. Operation 
of the controlling Selsyn causes a Thyratron tube to pass current, 
which in turn actuates the magnetic control of the screwdown 
motor. The latter comes into action and continues running until 
the Selsyn units are once more in the same phase relation, that 
is, until the angular displacement between the two Selsyns has 
been removed. A selector switch and group of controlling Selsyns 
enable each setting to be selected. As a refinement, a double 
Selsyn, with its attendant Thyratrons, may be adopted in order 
to provide a vernier adjustment ; in this way an accuracy of 0-1 
per cent. may be obtained. 
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Self-Aligning Work-Rolls for 4-High Mills. J. H. Hitchcock. 
(Iron Age, 1935, vol. 135, May 2, pp. 37, 96: Iron and Steel 
Engineer, 1935, vol. 12, June, pp. 354-355). Misaligned rolls 
are likely to give rise to dangerous stresses in the roll neck bearings. 
To obviate this, self-aligning bearings have been introduced, 
in which each work-roll bearing is mounted between parallel 
wedges, so arranged that axial movement of the roll changes the 
alignment of the roll axis. The principle cannot be applied to 
3-high mills or to 4-high reversing mills, since reversal of the 
motion would accentuate the maladjustment. The rolls are 
stated to give good service. 

Modern Rolling-Mill Construction. W. W. Franklin. (Iron 
and Steel” Industry, 1935, vol. 8, May, pp. 319-322; June, 
pp. 351-354). The author describes the methods of roll and roll- 
bearing adjustment adopted in modern plants and refers par- 
ticularly to the screwdown gear and roll-changing devices. He 
examines a number of mill layouts and notes the advance of 
fully-automatic operation and the employment of individual 
electrically-driven rolls, 

@abulation of Applications of Anti-Friction Bearings to Roll 
Necks of Steel Rolling Mills in Service. (Iron and Steel Engineer, 
1935, vol. 12, Sept., pp. 75-81). The information given includes 
the type of mill, number of stands, roll dimensions, the position 
of the bearings, the manufacturer, and the year in which the 
bearing was installed. Several hundred mills are tabulated ; 
they are grouped according to type, e.g., hot sheet, cold sheet, 
structural mills, &c. 

Influence of Roll Neck Deflection on Bearing Life. A. H. 
Fraunthal. (Iron Age, 1935, vol. 135, May 2, pp. 30-33, 108: 
Iron and Steel Engineer, 1935, vol. 12, June, pp. 356-360). When 
a roll deflects under load the roll neck also deflects, with the result 
that if the bearing housing is not self-aligning the load is carried 
on the inner edge of the bearing. This often causes roller bearings 
to fail. To permit movement a spherical seating or a knife-edge 
may be employed, neither of which is satisfactory. The problem 
may be solved by the adoption of a roller, located between 
hardened plates on the centre line of the bearing, transverse to 
the axis of the rolls. The roller is mounted in a cage to retain 
lubricant. It is strong enough to withstand the full rolling pres- 
sure, and it is claimed to have given satisfactory results in scrvice. 

Roller Bearings Important in Precision Rcling-Mills. S. M. 
Weckstein. (Steel, 1935, vol. 96, July 1, pp. 34-35, €0). An 
account is given of the application of roller bearings to precision 
rolling-mills, and mainly to mills rolling wide strip of light gauge 
(in four-high mills), and continuous rod mills. The precautions 
to be adopted are indicated, and the necessity for the proper 
design of mill housings and mountings is stressed. 
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Roll Neck Bearings. G. Palmgren. (Iron and Steel Engineer, 
1935, vol. 12, June, pp. 347-354). A survey is made of the appli- 
cation of the S.K.F. spherical roller bearing to roll neck. 
The development of designs for hot rolling-mill work is outlined : 
for this application a universal coupling has been devised to 
minimise shocks in transmitting the drive. The bearings are 
usually made a tight fit on the roll neck, but where this principle 
cannot be followed a loose fit mounting is employed ; in this case 
the neck surfaces must be well lubricated. In the first mills 
provided with roller bearings, lubrication trouble was experienced ; 
this was remedied by substituting soluble oil for the non-soluble 
oils and greases previously used. If roller bearings are installed 
the power required to operate the mill is often greatly reduced, 
while the absence of wear in the bearings enables precision rolling 
to be undertaken, and reduces the amount of scrap. Savings in 
these directions are frequently sufficient to offset the initial cost 
of roller-bearing equipment. 

Maintenance of Roll Neck Bearings. H. D. Robb. (Iron and 
Steel Engineer, 1935, vol. 12, June, pp. 342-345). The application 
of roller bearings to roll necks requires the striking of a balance 
between the useful life to be expected from the bearing and the 
initial cost which the mill operator is willing to incur. Large- 
diameter bearings give a longer life, but are more expensive. 
Once the bearings are installed care should be taken to preserve 
their efficiency in the following ways: By refraining from applying 
excessive roll pressures (pressure gauges are useful in this con- 
nection) ; by attending to bearing defects promptly ; by aligning 
the bearings carefully ; by storing spares in a clean, dry place, 
and by using the correct type of lubricant. Spare bearings 
enable periodic inspection of the bearings in service to be under- 
taken, and the worn parts can be adjusted or reground if necessary. 

Construction and Preservation of Roller Bearings of the 
Timken Type in Rolling-Mill Construction. E. H. Doughty. 
(Stahl und Eisen, 1935, vol. 55, June 27, pp. 695-703). The 
author reviews the various factors which gave an impetus to the 
development of tapered roller bearings, and then describes, with 
illustrations, their construction, the geometrical basis of their 
design, and their properties. Comparative tests on mills fitted 
with these and with plain bearings demonstrated the superiority 
of tapered roller bearings. Examples of the application of these 
bearings to rolling-mill rolls are given. 

Construction and Preservation of Roller Bearings in Rolling- 
Mill Construction, Vereinigte Kugellagerfabriken A.-G. Type. 
W. Jiirgensmeyer. (Stahl und Eisen, 1935, vol. 55, June 20, 
pp. 670-680). Roller bearings for use in hot- and cold-rolling 
mills are illustrated and described, and their advantages over 
plain bearings are dealt with in detail. 
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Construction and Preservation of Schépf-Type Roller Bearings 
in Rolling-Mill Construction. A. Schépf. (Stahl und Eisen, 
1935, vol. 55, June 13, pp. 648-653). The author describes and 
illustrates the modern rolling-mill with single-spindle drive as 
used for rolling strip steel, sections, wire, &c., and the latest 
type of roller bearing for use in such mills, and points out the 
advantages of the single-spindle rolling-mill with Schépf-type 
roller bearings. 

Construction and Design of Roller Bearings in Rolling-Mill 
Construction, Kugelfischer Type. H. Schulz. (Stahl und Eisen, 
1935, vol. 55, June 6, pp. 616-623). The types of bearing with 
cylindrical and conical rollers which may be used in rolling-mills 
are described. For heavily-loaded two-high cold-rolling mills 
special cylindrical roller bearings are used. The arrangement 
and connection of the inner ring to the roll neck, either as a 
tight fit or as an oil-lubricated running fit, and the method of 
mounting for section and plain rolls, are dealt with in detail 
and illustrated. Further, the arrangements for two-high cold- 
rolling mills and for special stands are described, and the advan- 
tages of roller bearings in the construction of rolling-mills are set out. 

Steel Plant Lubrication. B. S. Burrell. (Mechanical En- 
gineering, 1935, vol. 57, July, pp. 415-417). The author considers 
that greater attention should be paid to the problem of lubrication 
in the mill than has hitherto been the case. Reference is made 
to the lubrication of roll pinions, roll neck bearings, and anti- 
friction bparings ; the need for cleanliness is particularly stressed. 

A Short Account of the Theory of Lubrication. M. D. Hersey. 
(Journal of the Franklin Institute, 1935, vol. 219, June, pp. 
677-702 ; vol. 220, July, pp. 93-119; Aug., pp. 187-214; Sept., 
pp. 305-331). Viscosity and friction; film thickness, film 
pressure and load capacity ; dimensional theory, with applications 
and temperature rise and temperature distribution in bearings 
are discussed. 

The Laboratory Testing of Lubricants. F.J. Slee. (Chemistry 
and Industry, 1935, vol. 54, Sept. 6, pp. 809-814). The author 
deals with the significance of the common laboratory tests and 
the selection of lubricants for specific purposes. 

The Investigation of Lubricating Oils by means of Oil-Testing 
Machines. T. Rabinovitsch. (Montanistische Rundschau, 1935, 
vol. 27, Sept. 16). Very brief details are given of a number of 
oil-testing machines. 

Diagrammatic Determination of the Optimum Charge Weight 
of Billets. H. Miiller. (Stahl und Eisen, 1935, vol. 55, Aug. 29, 
p. 935). A nomogram is presented, by means of which it is 
possible to determine the most suitable weight of billet to use 
in order that the resulting bar may be cut to the lengths required 
by the order book with a minimum of waste. 
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Increasing the Producing and Selling Possibilities of a Steel- 
works by Installing New Rolling-Mill Plants. (Demag News, 
1935, vol. 9, July, pp. 2i-29). A number of mills recently erected 
by the Demag concern are described. They include a two-high 
reversing blooming mill in which the pinion couplings to the 
rolls are of the universal joint type; a continuous billet mill ; 
and a mill for wire rods and light sections. The blooming mill 
reduces blooms from 230 x 190 mm. to 100 x 80 mm., the 
continuous billet mill reduces billets 100 x 80 mm. to bars 45 mm. 
square, and the wire and light section mill (consisting of a five- 
stand continuous roughing set, a five-stand staggered train and an 
eight-stand finishing set) produces angles with 20 to 50 mm. sides, 
flats 30 to 60 mm. wide and wire down to 5 mm. in diam. 

Increasing the Production and Sales Possibilities of a Metal- 
lurgical Works by Means of New Rolling-Mill Installations. 
W. Nieten. (Revue de Métallurgie, Mémoires, 1935, vol. 32, 
July, pp. 273-281). An illustrated description is given of a 
rolling-mill for small steel sections and wire, built by Demag for 
a metallurgical works in Western Europe. 

New Small-Section Mill in Staggered Arrangement. E. Weber. 
(Stahl und Kisen, 1935, vol. 55, Sept. 26, pp. 1029-1031). 
An illustrated description is given of anew small-section mill with 
ten roll stands, of which the first six are arranged continuously 
and the remaining four are placed in a staggered formation. 
Details are given of the furnaces, mills and auxiliary plant, 
together with notes on the rolling programme and the output 
of the mill. 

Moiem Steel Rod and Wire Rolling-Mill. L. Wegmann. 
(Stahl und Eisen, 1935, vol. 55, July 11, pp. 754-761). In order 
to keep pace with increased outputs, the Société Anonyme des 
Aciéres de Micheville have found it necessary to extend their 
rolling-mill plant. The new ingot mill and continuous billet mill 
have already been described (Stahl und Eisen, 1934, vol. 54, 
p. 931; 1935, vol. 55, p. 280); the present article gives an 
illustrated description of the small-bar and wire mills that have 
been installed. Data are presented of the components of the 
mills and their drives as well as of all appliances for speeding-up, 
cheapening and assuring the accuracy of the rolling process ; 
some units, such as the cooling bed and the handling arrangements, 
are dealt with in greater detail. 

Semi-Continuous Wire Mill in Japan. E. Kiastel. (Stahl und 
Eisen, 1935, vol. 55, Aug. 1, pp. 831-833). Illustrations and 
details are given of the semi-continuous wire mill installed at 
the works of the Kobe Steel Works, Japan, built by the Fried. 
Krupp Grusonwerk Company. The plant comprises two producer- 
gas-fired gravity-type heating furnaces and their ingot pushers ; 
a roller conveyor and ingot manipulator; the first continuous 
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train, consisting of six two-high stands with rolls 900 mm. long, 
500 mm. in diam. in the first two housings and 450 mm. in diam. 
in the last four ; another roller conveyor passing via the shears ; 
the second continuous train, consisting of eight two-high stands 
with rolls 315 mm. in diam. and 800 mm. long : two wire rod mills ; 
a finishing train with six stands of rolls 250-290 mm. in diam. 
and 800 mm. long in the first five stands and 900 mm. long in the 
last ; and ten automatic Garrett reels with a transfer to a chain 
conveyor. Ingots weighing 180 kg., measuring 140 mm. and 120 
mm. square at the thick and thin ends, respectively, are rolled. 

Reversing Mill for Rolling Bright Stock. (Iron and Coal 
Trades Review, 1935, vol. 131, Aug. 2, p. 172). The mill is of the 
two-high reversing type, driven by a 40-H.P. motor, and designed 
to deliver strip at 120 ft. per min. The rolls run in white-metal 
bearings, totally enclosed, and pressure-lubricated. Coilers with 
collapsible drums are provided at each end. 

Merchant Iron and Wire Mill. (Iron and Coal Trades Review, 
1935, vol. 130, June 28, pp. 1089-1090). Illustrated particulars 
are given of the new rolling mill installed at the Iscor Works of 
the South African Iron and Steel Corporation, Ltd. 

Stopping Distance and Slowing-Down Time of Rolled Bars 
Running out from the Mill. G. Rudski. (Stahl und Eisen, 1935, 
vol. 55, Aug. 22, pp. 912-913). After rolled bars have passed 
through the flying shears, it is preferable that they should come 
to rest without the application of external braking. In the 
design of new plant this question always arises, because on the 
space required for the bars to stop of their own accord and on the 
time involved in so stopping depend the distance to be allowed 
between the shears and the automatic cooling bed and the time- 
eycle of the transfer gear moving them from the mill run-out to 
the cooling bed. The author shows how to calculate the required 
data. 

Diagrammatic Calculation of Loops. H. Miiller. (Stahl und 
Eisen, 1935, vol. 55, Sept. 12, p. 991). A nomogram is presented 
by means of which the length of the loop between two stands 
of a rod mill can be calculated. It is based on a formula in which 
the length of the loop is related to the length of the rod before 
the first pass, its cross-section before the first and before and 
after the second pass, and its speeds of travel through the two stands. 

New Sheet-Mill Plant at the Iscor Works, Pretoria. (Iron 
and Coal Trades Review, 1935, vol. 131, Sept. 6, pp. 359-361). 
The South African Iron and Steel [ndustrial Cotporation now 
operates a sheet mill at the Iscor Works, Pretoria. The mill 
equipment comprises six hot mills and two cold mills, with rolls 
30 in. in diam. and roll-barrel lengths up to 44 in. in the case of 
the hot mills and 56 in. for the cold mills. Other features are 
heating and annealing furnaces, pickling and galvanising plant. 
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Steel Mill Developments. W. H. Burr. (Iron and Steel 
Engineer, 1935, vol. 12, Sept., pp. 34-41). This article consists 
of a résumé of the major advances in plant and practice in Amer- 
ican steel mills. 

Sheet and Tube’s Strip Mill in Operation. C. Longenecker. 
(Blast Furnace and Steel Plant, 1935, vol. 23, June, pp. 399-402). 
A description is given of the rolling-mill for sheet and _ strip 
installed at the plant of the Youngstown Sheet and Tube Co. 

Flexibility and Economy Achievement in Modernisation of 
Niles Sheet Mill. F. L. Prentiss. (Iron Age, 1935, vol. 136, 
Aug. 15, pp. 26-28, 98-99). An account of the new equipment 
installed at the above plant is given. A 56-in. three-high roughing 
mill, reducing 16-in. wide sheet bar to No. 16 gauge sheet in five 
passes, a bar heating furnace and two finishing mills are among 
the principal items. 

Rolling-Mill for Heavier-Gauge Thin Sheets and Thinner 
Medium Sheets of Great Length. W. Kriimer. (Stahl und Eisen, 
1935, vol. 55, July 4, pp. 732-736). The author first indicates 
the disadvantages of medinum-sheet rolling-mills of present-day 
construction and gives the limits of thickness and length of sheet 
that can be rolled in a single heat and with intermediate reheating. 
He then describes in detail the construction and operation of 
new types of sheet mills designed particularly for the production 
of thin medium sheets and the heavier gauges of thin sheets of 
very great length. 

The Production of Blackplate. J.S. Caswell. (Blast-Furnace 
and Steel Plant, 1935, vol. 23, May, pp. 317-318, 324). In this, 
the concluding article of a series dealing with the production of 
blackplate, the author outlines the system of rolling employed. 
The through-pack and oversheet variations produced in the 
five-part system are examined, and it is suggested that these 
should and could be reduced. (See Journ. I. and S.I., 1935, 
No. I. p. 402). 

Output Supervision in Thin Sheet Rolling-Mills. K. Skroch. 
(Stahl und Hisen, 1935, vol. 55, May 16, pp. 544-548). After 
a brief description of the plants to which this paper refers, the 
products and the outputs, the author gives an account of an 
investigation of the output capacity. The results are collected 
in diagrams, and a nomogram is given which can be used for the 
estimation of the schedule output and for the supervision of the 
schedule times. The simple reckoning process is explained by 
means of examples. In conclusion, the author indicates the 
advantages of diagrammatic representation—for instance, by 
the Gantt method—for the supervision of the outputs of thin 
sheet rolling-mills and the possibilities of applying this principle 
to the calculation of prime costs. 
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Investigations by Statistical Analysis of the Influence of the 
Steel Composition on the Sticking of Thin Sheets. ©. Andrieu. 
(Stahl und Eisen, 1935, vol. 55, Aug. 29, pp. 925-930). The 
principal factors governing the sticking of thin sheets are the 
pressure, the temperature and the composition of the material, 
but there are other influences such as irregularities in the roll 
body, the adjustment of the rolls, the rolling speed, the degre« 
of freedom of the plates from scale, the oxide coating on the sheets 
and the skill of the roller. The author enumerates the principal 
modes of sticking, and then describes tests on basic open-hearth 
mild-steel sheets to show the dependence of the yield of good 
sheets on effects due to the sheet thickness, changes in the mode 
of working and the composition. It is shown that there is a 
decided connection between the composition and the degree of 
stick'‘ng ; iron with the lowest proportion of foreign elements has 
the greatest tendency to stick ; contents of carbon up to 0-11 per 
cent. and of manganese up to 0-45 per cent. have a slight but 
noticeable influence, and a silicon content of 0-05 per cent. is, 
in general, sufficient to ensure the maximum reduction of sticking 
that can be attained by variation of the composition. Composition 
alone, however, is not a determining factor in sticking, as mechan- 
ical effects during rolling also have an influence. 

New Strip Mill in Birmingham. (Iron and Coal Trades Review, 
1935, vol. 131, Sept. 6, p. 354). The mill of the “* B.M.” Rolling- 
Mills, Ltd., which is described, consists of three stands of rolls, 
two stands having 8-in. and one 12-in. rolls, the stands being 
independently driven. Strip from } in. to 11 in. wide in gauges 
from 0-300 in. down to 0-012 in. is produced. 

New Hot Strip Mill at Youngstown Sheet and Tube Company 
Goes into Operation. (Iron and Steel Engineer, 1935, vol. 12, 
May, pp. 288-289). Illustrated particulars are given of the 
layout of this mill. 

Hot Strip Steel Rolled on S‘eckel-Type Mill. (Iron Age, 
vol. 135, June 27, pp. 12-17, 78). The production of hot strip 
steel by the McLouth Steel Corporation, Detroit, is described. A 
single-stand reversing mill of the Steckel type is employed. The 
slab is delivered from the slab-heating furnace to the scale- 
breakers and edging rolls, whence it goes to the reversing mill and 
is reduced to a thickness of about } in. For subsequent passes 
the coiling furnaces on either side of the mill come into operation, 
the strip on emerging from the rolls being taken intg the adjacent 
coiling furnace; the mill is then reversed and the strip run 
through in the opposite direction. On the final pass it is led to 
the run-out table and unloading coiler. The coiling furnaces 
are maintained at 1,400°-1,700° F., and are heated by gas or oil. 
The strip so produced is stated to be of high quality. The mill 
installed by the McLouth Corporation is capable of making hot 
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strip steel of }-in. to 16-in. gauge in thickness and from 5 in. to 16in. 
in width. The rate of production of 12-gauge strip 12 in. wide 
is 15 net tons per hr. 

Precision Mills for Rolling Strip, Bars and Rods. S. M. Weck- 
steir, (American Iron and Steel Institute, May 23, 1935: Blast 
Furnace and Steel Plant, 1935, vol. 23, June, pp. 390-393). 
Some of the problems involved in the hot- and cold-rolling of 
strip, bars and rods are considered, chiefly with respect to the 
four-high mill (for strip) and continuous and semi-continuous 
mills (for bars and rods). 

Wide Strip Mills. J. H. Van Campen. (Iron and Steel En- 
gineer, 1935, vol. 12, June, pp. 367-369). A typical modern 
wide strip mill is described. The layout is as follows: First, 
a horizontal two-high scale breaker, then a broadside stand (two- 
or four-high) with roll faces of about 96in. This deals with the 
slab. A four-high roughing mill of three stands follows, equipped 
with vertical edgers. The finishing section consists of a two-high 
scale breaker succeeded by six stands of four-high rolls. The 
scale breakers are provided with high-pressure spray lines, and 
the finishing stand may be followed by a flying shear. Coils of 
strip are produced by coilers working in tandem. The coils go 
to the pickling units, and then to the cold reducing mills of three 
stands in tandem. The material may then be further processed, 
in coil form or in cut lengths. 

The Influence of the Roll Diameter in the Cold-Rolling of 
Strip Steel. W. Lueg and A. Pomp. (Mitteilungen aus dem 
Kaiser-Wilhelm-Institut fiir Eisenforschung, 1935, vol. 17, No. 5, 
pp. 63-76). Cold-rolling tests, in which the rolling pressure and 
dimensions of the rolled material were measured, were carried out 
on strips, measuring €0 x 2 mm. by about 0-6 m. long, in a four- 
high mill; three open-hearth steels of different carbon contents 
and a dynamo steel were used, no lubrication was applied, and the 
working-ro]l diameter was varied from 45:85 mm. to 184-80 mm. 
As the reduction in the pass increased so the roll pressure rose, at 
first rapidly and then almost linearly at heavy reductions. For a 
constant reduction the roll pressure increased almost proportionally 
with the roll diameter in the range covered. The average resistance 
to deformation, calculated from the roll pressure and the rolled 
surface, passed through a maximum at medium reductions for 
small roll diameters, but for large diameters it continued to 
increase. For small diameters the acceleration (speed gain) in 
rolling also passed through a maximum, which shifted towards 
smaller reductions as the roll diameter was decreased. From the 
behaviour of the acceleration the coefficient of friction was 
calculated to be 0:07-0:11. The spread increased with the 
reduction, at first slowly, and then more rapidly ; it also increased 
almost proportionally with the roll diameter. With increasing 
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reduction, the efficiency of deformation (the quotient of the average 
of the tensile strengths before and after the pass and the resistance 
to deformation) passed through a minimum, which became less 
as the roll diameter increased ; for constant reduction, the smaller 
the diameter the better was the efficiency. With increasing ratio 
of the thickness after rolling to the roll diameter, the roll pressure 
and the other quantities decreased rapidly and the deformation 
efficiency improved. With increasing tensile strength of the 
material rolled the roll pressure, resistance to deformation, 
acceleration, coefficient of friction and spread all increased more 
or less, but the deformation efficiency depreciated. 

Defects in Strip from Continuous Mills. T. N. Keelan. (Blast- 
Furnace and Steel Plant, 1935, vol. 23, July, pp. 461-463, 468). 
The author analyses, with examples from his own experience, 
the defects to which continuous strip is subject. 

Diagrammatic Calculation of the Costs for a Strip Mill. H. 
Miller. (Stahl und Eisen, 1935, vol. 55, Sept. 5, p. 966). A 
nomogram for calculating the operating and total prime costs 
for a strip mill is reproduced. 

Fifty Years of the Mannesmann Skew - Rolling Process. 
(Rohrenindustrie, 1935, vol. 28, Feb. 11, pp. 13-14). A very brief 
note of the early experiments of the Mannesmann brothers, Rein- 
hard and Max, on the production of tubes by skew-rolling. As 
early as 1860 their father had attempted to produce gun-barrels 
by rolling in parallel rolls, but without success. The brothers 
apparently gained a clue to the required solution from the observa- 
tion that cracks, which sometimes developed into actual holes, 
were frequently formed in the centre of round bars when they 
were polished in a smooth-rolled mill with skew rolls. 

The Manufacture of Chromium-Molybdenum Steel Tubes. 
J. Koshewnikon. (Stal, 1934: R6hrenindustrie, 1935, vol. 28, 
Feb. 11, pp. 14-16; Mar. 11, pp. 28-29; Apr. 11, pp. 38-39). 
The author gives a detailed description of ail the processes 
employed in the production of tubes of chromium-molybdenum 
steel for constructional purposes—piercing the rounds, rolling, 
preparation for cold-drawing, cold-drawing, annealing, normal- 
ising, hardening and tempering. The stee] most usually employed 
is stated to contain: Carbon 0-25-0-35, manganese 0-40-0-60, 
chromium 0-80-1-10, molybdenum (-15-0-25 per cent., and 
sulphur and phosphorus within the usual limits ; the properties 
and analyses required of the finished tubes are also given. 

Development in Manufacture of Seamless Tubes. * G. Evans. 
(Metallurgia, 1935, vol. 12, May, pp. 27-28, 34). The main 
subject of this article is the production of steel tubes by the 
Foren rolling-mill. In the Foren process a solid round billet is 
cast, and pierced by a rotary piercer to give the required inside 
diameter and wall thickness. It then goes to the Foren mill. A 
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solid mandrel of alloy steel is inserted into the billet, and the latter 
is operated on by pairs of rolls, disposed along the length of the 
billet and set at various angles, so as to exert a kneading action 
on the whole circumference of the billet. Stripping rolls remove 
the tube from the mandrel, and the process is repeated. It is 
claimed that six tubes, 40 ft. long, may be produced per min. : 
the tubes are said to possess a good surface and grain 
structure. 

Evolution in Seamless Tube Manufacture. G. Evans. (Metal 
Industry, 1935, vol. 46, May 24, pp. 555-556). The early methods 
of manufacture are briefly referred to, and the development of 
the Mannesmann, Erhardt and extrusion processes is outlined. 
Two modern methods, making use of rotating rolls, are also 
described. 

New Plant for the Manufacture of Weldless Tubes by the 
Push Bench Process. J. Marette. (Revue de Métallurgie, 
Mémoires, 1935, vol. 32, June, pp. 233-244). An _ illustrated 
description is given of the weldless-tube plant of the Société 
Métallurgique de Montbard-Aulnoye (France) ; it is designed for 
the production of tubes in sizes ranging from 55 to 200 mm. 
internal diam., in plain and alloy steels, the output amounting 
to 150 tubes per hr., 7-5 m. long, for diameters up to 75 mm., 
and 120 tubes per hr. for larger sizes. The Wellman Peters push 
bench process is used. The billets are heated in a producer-gas- 
fired furnace in two stages; after being preheated in the first 
zone of the furnace, they are pushed out, hot-sawn, and the blanks 
are recharged into the second zone. Thence, the blanks pass to 
the piercing press, and are then formed into tubes by being pushed 
on a mandrel through a series of drawplates of gradually dimin- 
ishing size. The tubes, still on the mandrel, enter a pair of inclined 
rolls, which detach them from the mandrels and also polish them, 
inside and out. The mandrel is removed and the tubes then 
pass through gauging rolls to ensure that they are truly circular 
and the dimensions are exact. The electric driving machinery 
and the power requirements are also discussed. 

Investigations on the Energy Consumption in the Piercing of 
Billets in the Mannesmann Skew Rolling-Mill. M. Wratzky. 
(Stal, 1934: Rohrenindustrie, 1935, vol. 28, June 11, pp. 63-64 ; 
Aug. li, pp. 87-89). The author presents the results of nearly 
three hundred determinations carried out under his direction in 
the skew rolling-mills of the Mariopol Tube Works, on the con- 
sumption of energy and the turning moment during the piercing 
of round billets for 8-, 10- and 12-in tubes. His purpose was to 
obtain experimentally data which could be used to determine the 
turning moment at the motor shaft and hence the size of the 
driving motor required; it also appeared desirable to obtain 
information regarding the connection between the current con- 
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sumption and the peripheral speed and arrangement of the rolls 
during the piercing operation. 

The Rolling Down of Weldless Tubes in the Continuous Mill. 
F. Thiel. (R6hrenindustrie, 1935, vol. 28, Sept. 11, p. 97). The 
author gives a brief description of a tube rolling-mill in South 
Russia, with notes on its operation and output. 

The Design of Electric Drives. P. M. Gallo. (Blast-Furnace 
and Steel Plant, 1935, vol. 23, Mar., pp. 185-187; Apr., pp. 
262-265 ; May, pp. 326-342). These three articles constitute a 
mathematical discussion of the design of motors and controllers 
such as are used in the operation of the live rollers in a steel mill 
The necessary formule and data for the calculation of the torque 
and dynamic characteristics of motors, and the electro-magnetic 
characteristics of controllers are presented. 

Electric Driving. (Engineer, 1935, vol. 1€0, Aug. 28, pp. 
184-185; Aug. 30, pp. 210-212; Sept. 6, pp. 234-236; Sept. 
13, pp. 258-259 ; Sept. 20, pp. 284-286; Sept. 27, pp. 310-312). 
The second article in this series on electric driving deals with 
rolling-mill drives. 

Individual Motor Drives for Run Out Tables and Coilers. 
F. E. Harrell and C. V. Gregory. (Iron and Steel Engineer, 1935, 
vol. 12, Aug., pp. 1-9). The advantages of individual motor 
drives to run out table rollers and coilers are stressed, and the 
design and selection of motors for these purposes are considered 
in some detail. 

Selection of Equipment for D.C. Power in Rolling-Mills. 
C. Lynn. (Iron and Steel Engineer, 1935, vol. 12, Aug., pp. 
17-20). The considerations which govern the selection of motor- 
generator equipment are set forth. 

Driving Gear for Cold Rolling-Mills. (Engineering, 1935, 
vol. 140, Aug. 16, p. 179). Particulars are given of the electric 
drives for the cold-rolling mills at the plant of the Yniscedwyn 
Tinplate Co., Ltd., of Swansea. The drives are for 85 H.P. 
and 55 H.P. The former, which is described, comprises a 
double-reduction helical main gear, a worm-reducing gear for barring 
purposes, driving and barring motors and motor-control gear. In 
operation the barring motor is used to start the mill, and the main 
motor, on taking up the drive, automatically causes the barring 
motor to become disengaged and to shut down. 

D.-C. Circuit Breakers for Steel Mill Service. W. Deans. 
(Electrical Engineering, 1935, vol. 54, June, pp. 594-598). With 
several large motors and generators operating in parallel in a 
system that is coupled very closely electrically, short-circuit cur- 
rents in d.c. steel mill circuits may be as high as several hundred 
thousand amperes with a rate of rise of from 10 to 20 million 
amperes per second. Circuit breakers for this service, therefore, 
must have high current interrupting capacity and quick response. 
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In this paper the circuit breakers and associated equipment for a 
typical modern strip mill are described. The circuit breakers are 
tripped not only by overload current, but also by current having 
too high a rate of rise. 

Steel Mill Applications of General Purpose Motors. G. A. 
Caldwell. (Iron and Steel Engineer, 1935, vol. 12, May, pp. 
294-296). Among the applications dealt with are motors for 
galvanising machines, for individual roll-table drives and for a 
continuous wire-drawing machine. 


ROLLING-MILL AUXILIARY PLANT. 


All Movements of Billet Gauger Controlled ty Seated Operator. 
M. M. McCall. (Tron Age, 1235, vol. 136, Aug. 8, pp. 18-19, 
36-40). The construction and cperating details of a billet de- 
seaming machine built by the Niles Tcol Works Co. are given. 
It will handle billets 5 to 12 in. sqvare ard 5} to 18 ft. long. 
A table driven by a 75-H.P. moter holds the billet at an angle 
of 45° and brings it against the tools, the action being that of 
planing. Motor-operated chucking and manipulating units 
enable the billets to be loaded, clamped in the machine and dis- 
charged after deseaming. Centralised control permits one operator 
to perform all the loading, manipulating and deseaming motions. 

Torch Deseaming. W.S. Farr. (Steel, 1935, vol. 97, Sept. 2. 
pp. 38-40). Deseaming by means of the oxygen-cutting blowpipe 
may be successfully adopted if a definite but simple technique 
is foliowed. As in ordinary flame-cutting, preheating is necessary ; 
by skil ful direction of the cutting flame the oxide ona preceding 
cut may be removed by the succeeding one, and very little subse- 
quent cleaning is required. Light, fast cuts are best. Where 
possible a bed for the billets on which the operators are to work 
should be available, so as to facilitate turning and handling. 
Flame deseaming compares favourably with chipping as far as 
cost, efficiency, and particularly speed are concerned. 

The Descaling of Steel. (Blast-Furnace and Steel Plant, 
1935, vol. 23, pp. 541-545). The layout of a spraying system for 
the descaling of sheets, &c., during hot rolling is described, 
particular attention being paid to the types of valve employed. 

Spray System Facilitates Descaling of Steel. (Steel, 1935, 
vol. 96, June 24, pp. 43-46). During the rolling process scale 
forms on the surface of bars or slabs which are being worked, 
and it is essential that this scale be removed. Removal is best 
effected by water sprays. A suitable installation includes a 
centrifugal or reciprocating pump, a hydraulic accumulator, spray 
valves and nozzles. The spray valves used are described in 
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some detail; they are required to withstand severe service, and 
pressures up to 1,300 lb. per sq. in. Water hammer is apt to 
prove troublesome, and should be guarded against. 

Straightening Rolls for Standard Gauge Rails. A. Lobeck. 
(Stahl und Eisen, 1935, vol. 55, Aug. 1, p. 833). The use of chill- 
cast straightening rolls is dealt with briefly. They are mounted 
on horizontal axes, three above and two below the rail to be 
straightened, which passes through them lying on its side. A 
groove is turned in the face of the rolls so as to avoid pressing on 
the identification marks on the rails. These rolls can be used for 
straightening other sections ; the lower rolls will last for 35,000 
tons and the upper ones for 40,000 tons of rails straightened, and 
they can then still be used for the other sections. 

Gravity Roller Conveyors Effect Uniform Output. S. Eggleston. 
(Steel, 1935, vol. 96, May 20, pp. 53-54, 58). Hitherto, conveyors 
have had but a limited application in the steel industry; the 
operating conditions are severe and the handling rate is often 
low. However, by the adoption of a suitable design of roller, and 
particularly of the bearings, gravity conveyors may be effectively 
employed. 

Automatic Sheet Measuring Device. G. W. First. (Iron and 
Steel Engineer, 1935, vol. 12, May, pp. 292-298). This device 
possesses two pointers, one of which is set to the reading corre- 
sponding to the length of sheet required ; the other indicates the 
length of each sheet as it passes the flag switches. 

Measuring Devices for Measuring the Thickness of Rolled 
Materials. R. Albrecht. (Stahl und Eisen, 1935, vol. 55, July 18, 
pp. 786-789). The modern idea of interchangeability in structural 
parts demands that not only finished material but also semi- 
finished goods shall be held within certain limits of dimensions. 
The author illustrates and describes a number of measuring devices 
by means of which the thickness of sheet, wire, strip, &c., can be 
measured continuously during production. 

Classifier for Cold-Rolled Sheets Separates Accurate from Off 
Gauges. (Steel, 1935, vol. 97, Sept. 9, pp. 40-41). The classifier 
installed at the works of the Jones and Laughlin Steel Corp., 
Pittsburgh, U.S.A., is designed to grade cold-rolled strip materials 
according to the extent to which the thickness of the strip departs 
—if it does so depart—from the required tolerances. The device 
is a flying micrometer, electrically operated. It consists of two 
small rolls between which the strip passes continugusly on its 
way to the flying shears. One roll is fixed, and the other is free 
to move; the movement of the free roll operates an armature 
between induction coils, and so varies the current in the latter, 
according to the alteration in the thickness of the strip. The 
small electrical fluctuations are made to operate Thyratron tubes 
coupled to relays which work the strip classifying table. This 
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table separates the strip into piles which are above, below or 
within the required thickness tolerance. 

Handling Devices that Make Steel Mills Modern. N. L. Davis. 
(Blast-Furnace and Steel Plant, 1935, vol. 23, Aug., pp. 548-553). 
Among the devices which are illustrated and described are a 
coke screening and loading appliance, a coi] up-ender, a piling 
machine, fork-lift electric trucks, a three-pot slag car, a conveyor 
for coiled steel strip, and a sheet handling truck. 

Blanking and Shearing Sheet Steel. (Sheet Metal Industries, 
1935, vol. 9, July, pp. 443-446). The mechanical considerations 
which govern the shearing and blanking operations are examined 
in the light of the results of work carried out by investigators 
in this field; the determination of blanking loads, when shear 
on the punch or die is present or absent, as the case may be, is 
then considered. A nomogram for the calculation of blanking 
pressures is included. 


MANUFACTURE OF WIRE. 


Die Stresses and Die Wear. K. B. Lewis. (Wire, 1935, vol. 
10, Aug., pp. 316-317). The author criticises some statements 
made by M. Bonzel in ‘ Le Trefilage de l’Acier,”” concerning wear 
on dies. He advances an explanation for ringing, contending 
that this is the result of abrasive action, and not evidence of 
compressive stress as Bonzel would suggest. Lewis is of the opinion 
that rapid wear consequent on the excessive use of new soap is 
actually due to under-lubrication brought about by the flushing 
action of the soap ; Bonzel, on the other hand, explains the cutting 
of the die as being due to a transference of compressive stresses 
to the point of exit of the wire. 

Influence of the Die, the Lubricant and the Rate of Drawing 
on the Power Consumption in the Drawing of Fine Steel Wire, 
particularly on Multiple Drawing Machines. A. Pomp and H. 
Heckel. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir 
fisenforschung, 1935, vol. 17, No. 8, pp. 107-126). By means 
of drawing tests on two carbon steels, the influence of a number 
of factors on the power required for drawing was determined. 
With widia dies the type of lubricant was of importance ; soap 
lubricant was best, then followed drawing fluid (a mixture of 
water, rye meal, beef tallow and lubricating soap), while rape oil 
was worst. The superiority of the soap decreased with increasing 
number of drafts. For each lubricant an optimum die angle was 
found: For soap this was about 6° to 9°, and about 9° to 15° 
for the other lubricants. The influence of the lubricant and the 
die angle decreased as the reduction per draft was increased ; in 
this way the efficiency of the drawing process was improved. At 
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high drawing speeds there was a very slight reduction in the 
power required for drawing, but it was not of practical significance. 
Woaen drawing through diamond dies, the drawing fluid proved 
best. Contrary to the case of widia dies, drawing tluid and rape 
oil caused a reduction of the power for drawing, which amounted 
to 36 per cent. for the drawing fluid, whereas soap lubrication 
increased the power required. Tae most suitable die angle should 
be smaller than that for widia dies. Multiple drawing led to a 
slight reduction in the power for drawing, which was attributed 
to the backward pull applied to the wire in this drawing process. 
On the basis of the relations between the total power required and 
the total reduction of section, it was found possible to forecast 
the total power that would be required in further drafts. 

Economical Production of Mild Steel Wire. A. W. Fielding. 
(Wire Industry, 1935, vol. 2, Sept., pp. 291-295). Tae author 
contends that considerable economies may be effected in the 
production of mild steel wire if the following procedure is adopted. 
Toe wire rod (that produced by a continuous rod mill being 
particularly suitable) is annealed in pots, a reducing atmosphere 
being maintained by means of town’s gas during cooling. This 
prevents oxidation and confers the correct microstructure on 
the wire rod. Rods prepared in this way may be drawn to 25 
gauge continuously at very high speeds. By butt-welding the 
ends of the coils of, wire time otherwise taken in threading-up 
is saved. Although by adopting the above methods the cost of 
annealing is not reduced, the cost of the cleaning operations is 
eliminated, and a greatly increased output is obtained. 

Drawing Wire Shapes. KR. Saxton. (Wire, 1935, vol. 10, 
June, pp. 227-229). In drawing shapes heavy initial reduction 
is possible, but in order to avoid fracture the excessive pressure 
which occurs at certain points must be balanced by a relief of 
pressure elsewhere. Probably one of the most difficult shapes to 
draw successfully is the lock coil shape used in the construction 
of winding ropes. Tae author describes the production of this 
type of wire. The steel contains 0-75 per cent. of carbon, and 
and is finished to an ultimate strength of 95-100 tons per sq. in. 
Considerable care is necessary in setting the dies. Similar atten- 
tion is required in the production of other shapes, such as ovals, 
squares, and half rounds. 

Alloy Steels for Wire Drawing. II.— High Speed Steel. R. 
Saxton. (Wire Indus-ry, 1%35, vol. 2, May, pp. lid-i7i). The 
heat treatment for the class of h.ga-specd scces amenub!e to 
treatment by w.re-drawing is indicawd, and the d.fficuit.es met 
with in the wire-drawing operation are discusse 1. 

Alloy Steels for Wire Drawing. III.—Nickel-Iron Alloys and 
Steels. R. Saxton. (Wire Industry, 1935, vol. 2, June, pp. 201- 
202). In drawing nickel-iron alloys, such as are used in submarine 
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cables and electric lead-in wires, care should be taken to remove 
surface defects (by grinding) a3 these are often deep-seated. The 
drawing operations follow lines usual for alloy steel wires. 

Alloy Steels for Wire Drawing. IV.—Steel Wire Elements 
and their Properties. K. Saxton. (Wire Industry, 1935, vol. 2, 
July, pp. 239-240). The effects of the more important alloying 
elements—namely, carbon, molybdenum, tungsten, manganese, 
silicon, chromium and nickel—on the properties of steel wire 
are considered. 

Alloy Steels for Wire Drawing. V.—Alloy Steels Development. 
R. Saxton. (Wire Industry, 1935, vol. 2, Aug., pp. 267-268). 
A brief survey of the development of alloy steels is given, and 
some of the factors which govern the successful drawing of alloy 
steels are noted. 

Cold Work Action on Stainless Steel. R. Saxton. (Metal- 
lurgia, 1935, vol. 12, Aug., pp. 119-120). The author considers 
some of the points which require attention when stainless steel is 
subjected to wire-drawing or other cold-working operations. A 
typical drawing programme is presented, and suggestions are 
made as to the recommended procedure. 

Stainless Steel Wire. J. K. Findley. (Steel, 1935, vol. 97, 
Aug. 26, pp. 28-30). An account of the cold-drawing department 
for the production of stainless wire at the works of the Ludlum 
Steel Co. is furnished. The material for drawing is received in 
the form of }-in. round rod. It is annealed at 1,500°-1,900° F., 
depending on the composition of the wire, pickled in 10 per cent. 
sulphuric acid to remove the scale, washed, dipped in lime water 
and baked. The wire is drawn to 0-15 in. in three passes and then 
re-annealed. It is agvin cold-drawn, softened and lime-coated, 
this process being repeated until the required reduction is attained. 
Final drawing (on the smuller sizes) is done by diamond dies. 
Bright annealing is carried out by passing the wire through a 
tubular furnace in which a hydrogen atmosphere is maintained. 
High-tensile wire for springs and wire ropes is obtained by 
omitting some of the annealing processes, thus introducing work- 
hardening. Dies for coarse wire (above 0-10 in. round) are of 
the high-carbon high-chromium type, while tungsten carbide or 
diam nd dies are used for the finer gauges. 

Lay-Out and Maintenance of Wire Working Plant. F 
Waitelegg. (Wire Industry, 1935, vol. 2, Aug., pp. 255-259). 
Some of the items which are of importance in the layout of wire 
working plant—such as the straightening and crimping devices— 
are dealt with. 








FURTHER TREATMENT OF IRON AND 
STEEL. 





PYROMETRY. 


Pyrometers in Industry. ©. E. Foster. (Wild-Barfield Heat 
Treatment Journal, 1935, vol. 1, June, pp. 67-68; Sept., pp. 
74-79). The continuation of a series of articles dealing with 
industrial pyrometry. (Sze Journ. I. and S.1., 1935, No. I. p. 409). 

Temperature Measurement and Pyrometers. A. Cotton. 
(Heat Treating and Forging, 1935, vol. 21, Apr., pp. 193-197, 
203). The methods available for the measurement of temperatures 
are briefly discussed. 

Indicating Pyrometers. M. D. Pugh. (Metal Industry, 1935, 
vol. 46, June 14, pp. 647-649). The importance of correct 
temperature control in operations such as hot galvanising, tinning, 
babbiting, machine soldering and die-casting is stressed, and the 
type of pyrometer best suited for use in these processes is 
considered. 

The Standardisation of Partial-Radiation Pyrometers by Means 
of the Strip-Filament Lamp. R. Steck. (Stahl und Eisen, 1935, 
vol. 55, July 4, pp. 737-739). After touching on the numerous 
factors that tend to make the readings of partial-radiation 
pyrometers inaccurate and the difficulties of checking them up 
against lamps with the ordinary type of filament, the author 
describes the use of a strip-filament lamp for calibration purposes, 
in which a metallic strip, 3 mm. wide by 25 mm. long, replaces 
the usual form of filament. As the temperature of the strip falls 
off towards the ends, owing to conduction to the supports, 
a notch is provided at the midpoint and the pyrometer is sighted 
on this. 

The Installation and Maintenance of Thermo-Electric Pyro- 
meters. G. H. Barker. (Metallurgia, 1935, vol. 12, June, pp. 
57-58 ; July, pp. 87-89; Aug., pp. 121-122). In the first article 
the fundamental principles of thermo-electric pyrometry are 
outlined. The mode of operation of the millivoltmeter and 
potentiometric types of instrument are briefly sketchéd, and some 
notes on the installation of pyrometers are furnished. Succeed- 
ing articles deal with the materials used for thermocouples and 
their protecting sheaths, and the installation of thermocouples 
and their compensating leads. Finally, the checking of thermo- 
couples is considered. 
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Errors in Temperature Measurement with Thermoelements. 
Hints on the Practical Use of Thermoelements and Protective 
Tubes. H. Euler and K. Guthmann. (Archiv fiir das Eisen- 
hiittenwesen, 1935, vol. 9, Aug., pp. 73-90). The authors first 
outline the properties required of thermoelements, their character- 
istics and fields of application, and then deal in detail with the 
principal sources of error in making temperature measurements 
with the couples and the means of avoiding them. 


HEAT-TREATMENT EQUIPMENT. 


The Modern Heat Treatment of Steel Springs. (Iron and Steel 
of Canada, 1935, vol. 18, May-June, pp. 37-39). The equipment 
for the heat treatment of springs at the plant of the B. J. Coghlin 
Co., Ltd., is described. 

Manufacture and Heat Treatment of Cutting Tools. (Industrial 
Heating, 1935, vol. 2, July, pp. 353-355). The tool manufacturing 
and heat-treating plant at the works of the Weldon Tool Co., 
Cleveland, Ohio, U.S.A., is described. 

Stainless Steel Strip Used for Furnace Conveyor Belts. (Steel, 
1935, vol. 97, Aug. 12, p. 49). The heat-treatment furnaces at 
the works of the Allied Products Corp., Detroit, are described. 
These are of the continuous type, in which belts of 18-gauge 
stainless steel strip are used to convey the parts through the 
furnace. The belt is made in one piece, 53 ft. long, and the 
sides are formed by punching serrations which are then bent 
to an angle of 90°. The furnaces operate at 600° to 1,400° F. 
(tempering) and 1,600° F. (hardening). 

Tool Builder Installs Complete New Heat Treating Facilities. 
(Steel, 1935, vol. 97, Sept. 9, pp. 46-47). A description of the 
reorganised heat treatment department of the Monarch Machine 
Tool Co., Sidney, Ohio, U.S.A., is given. 

Use of Electric Furnaces in Industrial Heat Treatment.- 
Part II. A. G. Lobley. (Metallurgia, 1935, vol. 12, May, pp. 
9-13). The author reviews the types of furnace used for bright 
annealing and clean hardening. Pit and bell-type furnaces are 
described, and reference is made to water-sealed furnaces for 
bright annealing in an atmosphere of steam. Continuous furnaces 
for the treatment of sheets, tubes and small parts are also dealt 
with, and furnaces for the hardening of steel parts in a protective 
atmosphere are briefly mentioned. (See Journ. I. and 8.1., 1935, 
No. I. p. 410.) 

Continuous Air Drawing of Roller Bearings and Similar Parts 
Using the Air Heater Method. C. F. Mayer. (Industrial Heating, 
1935, vol. 2, Apr., pp. 205-207). The tempering furnaces of the 

1935—-ii 2D 








418 THE IRON AND STEEL INDUSTRIES. 


Timken Roller Bearing Co. are described. They are of the air 
heater type, fired with natural gas; a uniform temperature is 
maintained by means of air circulation and thermostatic control. 
Compared with electric furnace operation, the air heater equipment 
reveals an increase in production and reduced operating costs. 

A New Bright Tempering and Nitriding Equipment. G. H. S. 
Grene. (Wild-Barfield Heat Treatment Journal, 1935, vol. 1, 
Sept., pp. 70-73). The general arrangement is shown of a pit- 
type furnace with circulated atmosphere for the bright annealing 
or tempering of metals, also a modification of this, suited to 
nitriding. 

The Development of Controlled Atmosphere Furnaces and 
Photoelectric Pyrometers. H. A. Wynne. (Industrial Heating, 
1935, vol. 2, Jan., pp. 25-26, 34). Electric furnaces of the bell 
type for coiled strip, and of the continuous mesh-belt type for 
continuous annealing, and in which a controlled atmosphere may 
be maintained, are briefly referred to. Some applications of the 
photo-electric pyrometer also receive attention. 

Atmosphere Control in Radiant Tube. W. M. Hepburn. (Metal 
Progress, 1935, vol. 28, Aug., pp. 41-45, 66). The first section 
of this article consists of a summary, in the form of a catechism, 
of the ideas underlying the application of radiant tubes to furnace 
heating. The conditions necessary for the operation of radiant 
tube heaters are stated, and several of the applications are cited. 





CEMENTATION AND CASE-HARDENING. 


Cementation of Iron and Ferrous Alloys by Glucinum [Beryl- 
lium}. J. Laissus. (Revue de Métallurgie, Mémoires, 1935, vol. 
32, July, pp. 293-301; Aug., pp. 351-360). The author first 
reviews the work of Fetchenko-Tchopivski and of Cazaud on the 
cementation of steel by beryllium, and then presents an equili- 
brium diagram of the iron-beryllium system, comparing and 
interpreting the results obtained by different workers. In order 
to verify the conclusions drawn from these theoretical considera- 
tions and to establish the mechanism of the diffusion of beryllium 
in iron, a systematic study was made of the different factors 
influencing the phenomenon (composition of the steel, temperature, 
and time). Finally, series of tests were made to determine the 
new properties conferred on pure iron and carbon steel as a 
result of their cementation by beryllium (hardness, resistance to 
oxidation at raised temperatures, and resistance to corrosion by 
the atmosphere and in a wide variety of liquid media). 

Metallic Cementation (IV.).—Metallic Cementation by Means 
of Tin Powder. T. Kase. (Kinzoku No Kenkyu, 1935, vol. 12, 
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Apr. 20, pp. 210-219). The cementation of iron, copper and 
nickel with tin at temperatures between 300° and 1,100° was 
investigated. Chemical and microscopic analyses, and measure- 
ments of depth of penetration and corrosion resistance were 
carried out. It was found that diffusion of tin into the metals 
occurs above 230° and the rate of diffusion increases as the tem- 
perature rises; with iron, however, the rate of diffusion changes 
abruptly at the A, point. The relation between the increase in 
weight of the specimen, the depth of penetration, and the absolute 
temperature of cementation, may be represented by an exponen- 
tial function; the relation between the degree of cementation 
and the elapsed time may be represented by a similar function. 

Tendencies and Developments in Case-Hardening Practice. 
H. Toplis. (Iron and Steel Industry, 1935, vol. 8, Sept., pp. 483- 
486). Some of the features of present-day carburising practice 
are described. 

Carburising with Gas. (Heat Treating and Forging, 1935, 
vol. 21, July, pp. 327-328). At the plant of The Electric Auto-Lite 
Company, Toledo, Ohio, U.S.A., mixed gases are used for the 
carburising operation. The articles are placed in gas-heated 
muffles through which flow, first, re-formed gas (gas treated in a 
pre-combustion unit), followed by natural gas, and then by a 
mixture of reformed and natural gas. The process is used for 
treating clutch pinions, bodies and housings. 

A New Case-Hardening Process. (Machinery (Lond.), 1935, 
vol. 46, Sept. 5, pp. 700-701). Mention is made of the Perliton 
liquid carburiser which is used in ordinary salt bath furnaces. 

Speedicase Rapid Case-Hardening Paste. (Wild-Barfield Heat 
Treatment Journal, 1935, vol. 1, June, pp. 63-64). Speedicase 
is a liquid case-hardening medium suitable for the production 
of a case of moderate thickness, the maximum penetration being 
0-05 in. Data are given comparing the operating costs and pro- 
cedure for case-hardening with Speedicase and with the box 
compound usually employed. 

Case-Hardening with Rapideep. (Machinist, 1935, vol. 79, 
May, pp. 242e-2448). Rapideep is a carburising compound of 
the sodium cyanide type ; it is stated to enable very close control 
over the case-hardening operation, and, if necessary, a consider- 
able depth of carburisation, to be attained. Tae depth of case 
may be accurately estimated on the basis of the time of immer- 
sion in the carburising bath and the strength of the cyanide bath. 

Selective Carburising of Steel. L. A. Lanning. (Industrial 
Heating, 1935, vol. 2, July, pp. 349-350). Tae methods of apply- 
ing local protection to those parts of case-hardened articles which 
are not required to be hard are briefly reviewed. 

Case-Hardening Steels. ©. C. Hodgson. (Metal Treatment, 
1935, vol. 1, Summer Number, pp. 82-87). The general require- 
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ments of case-hardened material are first examined, and the alloy 
case-hardening steels are classified. The author proceeds to 
consider the influence of manganese content, quenching conditions 
and general heat treatment on the properties of the core and case. 
Finally, on the basis of this survey, a brief indication of the suit- 
ability of the various steels for different service requirements is 
furnished. 

Case-Hardening Alloy Steels. (Metallurgist, 1935, Oct. 25. 
pp. 67-68). This is an English summary of an article by E. 
Houdremont and H. Schrader published in Archiv fiir das Eisen- 
hiittenwesen, 1935, vol. 8, Apr., pp. 445-459. (See Journ. I. 
and S.I., 1935, No. I. p. 412). 

Nitrogen Case-Hardening of Steels. (Metallurgist, 1935, Aug., 
pp. 53-56). <A critical summary of work recently carried out 
by 8. Nishigori on the mechanism of nitrogen hardening, and 
published in Technology Reports of the Tohoku Imperial Univer- 
sity, 1935, vol. 11, No. 4, is presented. Nishigori treated nearly 
one hundred carbon-free iron alloys containing aluminium, 
chromium, molybdenum, &c., by nitriding them in the usual 
way. They were examined by various methods, including X-rays. 
On the whole, these investigations appear to confirm the previous 
results obtained by Jones and Morgan and published in the 
Iron and Steel Institute, Carnegie Scholarship Memoirs, 1932, vol. 
21,p. 39, and 1933, vol. 22, p. 189. The most important results 
obtained by Nishigori are those relating to the X-ray analysis 
of the nitrided steels containing aluminium and chromium. 

Nitriding of Cast Iron. V. O. Homerberg. (Industrial Heating, 
1935, vol. 2, Jan., pp. 19-22, 34). The uses and physical properties 
of nitricastiron, when sand-cast and centrifugally cast, are 
detailed. 

Nitrided Tool Steels. H.C. Knerr. (Iron Age, 1935, vol. 136, 
Sept. 26, pp. 44-45, 96). Ordinary nitriding steels are not suit- 
able for parts subjected to high surface pressures, such as tools. 
However, cases of tool steels which have been improved by 
nitriding are known, and an alloy called” Cobaltchrcm—PRK is 
of this character. It contains 1-5 to 1-7 per cent. of carbon, 
13-5 per cent. of chromium, 3-3 per cent. of cobalt, and smaller 
amounts of molybdenum, vanadium, nickel and silicon. When 
nitrided in the ordinary way it develops a Vickers hardness of 
1,050 to 1,150 on the case. Examples of the successful application 
of this steel are quoted. 

Shorterising, a New Old Method of Surface Hardening. a. W. 
Lippert. (Iron Age, 1935, vol. 136, Aug. 8, pp. 12-17, 95). An 
account of the Shorter process for surface hardening by the 
oxy-acetylene flame is furnished. Examples of the application 
of the process to plain and alloy irons and steels are cited. 
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The Scaling of Iron and Other Metals. K. Fischbeck and F. 
Salzer. (Metallwirtschaft, 1935, vol. 14, Sept. 13, pp. 733-739 : 
Sept. 20, pp. 753-758). Numerous observations are on record that 
in reactions between compounds which proceed without the forma- 
tion of liquid or gaseous phases the reaction velocity reaches un- 
usually high values in the neighbourhood of transformation points. 
In connection with researches on the reactivity of solid materials, 
the authors have attempted to bring the reactions of solids with 
gases near the transformation points into line with these observa- 
tions, and have concerned themselves particularly with the 
oxidation (scaling) of iron in the range of the «—y transformation. 
It was found here that the change in form gave rise only to a 
discontinuous reduction of the velocity of reaction, without any 
jump to abnormally high values. A similar result was obtained for 
the transformation of x-manganese into §-manganese. The 
present paper is divided into two sections. In the first, of a 
theoretical character, the authors discuss what happens during 
scaling, the influence of the composition, pressure and velocity of 
the gas on the rate of reaction and the formation of the individual 
oxide phases, the mechanism of scaling and its progress with time, 
the influence of transformations and of foreign elements on the 
reactivity of solid materials, the production of protective coatings 
on iron and steel, and the apparent influence of the grain-size on 
the reactivity of solid materials (pyrophoric metals). In the second 
section the authors give experimental results relating to the oxida- 
tion of iron in a current of moist carbon dioxide, the scaling of iron 
by steam, the oxidation of iron by nitric acid, sulphur dioxide and 
oxygen and of manganese by oxygen, and conclude with a note 
on the structure of the scale layer on iron. 

Subcutaneous Effects During the Scaling of Steel. R. Griffiths. 
(Iron and Steel Institute, Sept., 1935: this Journal, p. 67). 

Equilibrium Relationships of Fe,0,, Fe.0, and Oxygen. J. W. 
Greig, E. Posnjak, H. E. Merwin and R. B. Sosman. (American 
Journal of Science, 1935, vol. 30, Sept., pp. 239-315). The results 
of a study of the equilibrium relationships of Fe,0,, Fe,0, and 
oxygen over a limited range of high temperatures are presented. 
and the equilibrium conditions are represented graphically. 
These conditions are discussed. In the course of the determination 
of the equilibrium conditions a number of observations of a more 
general nature were made. They include notes on oxidation, 
dissociation, sintering or recrystallisation, unmixing, and the 
structures developed by these processes as seen under the micro- 
scope ; and notes on the refractive indices and colour of hematites, 
on X-ray photographs of the oxides, on errors found in analyses 
made by the Mitscherlich method, on the effect of crucibles of 
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platinum and of rhodium on the charges of magnetite, on the 
volatilisation cf platinum and rhodium in oxygen, and on the 
consequent effect on the thermocouples. 

On the Oxidation of Iron and Steels at High Temperatures and 
the Structure of the Scale. K. Endo. (Kinzoku No Kenkyu, 
1935, vol. 12, May 20, pp. 235-244). The oxidation of iron and 
steel at elevated temperatures was investigated, and the nature 
of the scale produced was examined by the microscope and by 
X-rays. The scale was found to consist of three layers: Fe,0,, 
Fe,O,, and a mixture of FeO and Fe,0,. Each layer was seen to 
possess a characteristic crystalline appearance. The oxygen 
pressure of the scale was found to be a function of the temperature, 
position and time of oxidation. 

Observations on the Oxidation of Steel. M. Baeyertz. 
(American Society for Metals, Oct., 1935, Preprint No. 22). Plain 
carbon steels, S.A.E. 2330 steel, and a series of chromium and 
chromium-nickel stainless steels were oxidised at elevated tem- 
peratures, and evidence of the oxidation of both silicon and 
chromium in advance of the oxidation of iron was obtained. 
When silicon and chromium were present together in the steel, 
there was also evidence that the silicon was preferentially oxidised 
before the chromium. The stainless steels oxidised according to 
a general pattern in which similar oxide forms occurred in the 
different alloys. However, these similar oxide forms occurred 
at different temperatures, depending on the chromium content of 
the alloys. The shift of oxidation type with chromium content 
and temperature is consistent with the known limitation of the 
low-chromium alloys to low-temperature applications. The 
resistance of the stainless stecls to oxidation at elevated tempera- 
tures appears to be due to the formation of two (possibly more) 
oxides high in chromium. 

Contributory Effects of Furnace Atmospheres on the Grain 
Size of Molybdenum High-Speed Steel. A. Phillips and M. J. 
Weldon. (American Society for Metals, Oct., 1935, Preprint No. 
25). The authors have studied the effects of several furnace 
atmospheres on the grain-size, temperature of incipient melting 
and extent of decarburi-ation of a molybdenum high-speed steel 
(molybdenum 7-05, chromium 3-93, vanadium 2-05, carbon 
0-77 per cent.). The heat treatments, from the standpoints of 
temperature and time, covered a wide range, although particular 
attention was devoted to the experimental conditions approaching 
standard hardening practice. It was found that the most pro- 
found structural alterations are produced by oxidising atmos- 
pheres, particularly those containing an appreciable water vapour 
concentration. No evidence was qbtained that the grain growth 
and other abnormal effects of oxidising atmospheres are due to 
self-heating’ of the steel as suggested by Gill (Lecture to 














FURTHER TREATMENT OF IRON AND STEEL. 423 


American Society for Metals, National Metals Congress, New York, 
1934). 

Grain-Size and its Influence on Surface Decarburisation of 
Steel. D. H. Rowland and C. Upthegrove. (American Society 
for Metals, Oct., 1935, Preprint No. 21). The authors present the 
results of a study of the effect of grain size on the surface decar- 
burisation of steel by moist hydrogen. The tests carried out were 
confined to carbon steels ranging in carbon content from 0-71 
to 1-07 per cent. The data obtained indicate that grain-size 
influences the rate of carbon removal from steel. The effect of 
time and temperature on the character and width of the ferrite 
band for coarse and fine grained steels was determined and the 
results are tabulated. Columnar grain growth above and below 
the y-« change point is considered, and a theory is advanced to 
explain the mechanism of ferrite columnarisation below the A, 
point. Analyses of the gaseous products of decarburisation were 
made and the mechanism of decarburisation is explained. 

Causes of a Decarbonised Outer Skin. E. F. Lake. (Heat 
Treating and Forging, 1935, vol. 21, June, pp. 283-284). Tool 
steel was heated above the transformation temperature in an 
electric furnace and allowed to cool slowly. It was found that 
the higher the temperature of heating, the greater the depth of 
decarburisation. The same results were obtained when a furnace 
atmosphere of oxygen or carbon dioxide was employed, the degree 
of decarburisation being greater with carbon dioxide. Hydrogen, 
on the other hand, did not give rise to decarburisation, but steam 
had the same effect as air. Carbon monoxide behaved like 
hydrogen. This points to decarburisation as being a process of 
carbon removal by oxidation. It follows that annealing should 
not be prolonged beyond the period necessary to effect the required 
grain structure alteration, neither should the annealing tempera- 
ture be unnecessarily high. 

Heat Treating by Forced Convection. J. R. Morrison. (Indus- 
trial Heating, 1935, vol. 2, May, pp. 245-246). The principles of 
forced convection heating are shortly considered. 

Special Atmospheres for Heat Treatment. C. L. West. (Heat 
Treating and Forging, 1935, vol. 21, pp. 334-337). The applica- 
tions of *‘ Elfurno ” gas atmosphere, produced by the combustion 
of carbonaceous gases, are referred to. 

Industrial Propane Used for Bright Annealing. W. Z. Friend 
and F. Leckie. (Iron Age, 1935, vol. 136, July 25, pp. 30-32). 
Industrial propane is used at the plant of the Rotary Electric 
Steel Co., Detroit, for the bright annealing of steel strip. Coils of 
strip are stacked on bases and enclosed by light alloy covers. The 
atmosphere for the annealing pots is produced by the partial 
combustion of propane in a refractory tube filled with coarse 
refractory impregnated with a catalyst; 16 volumes of air to 1 
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of propane are used, and the correct ratio is maintained by a 
mixer. Water vapour is removed by surface coolers and by dryers 
of activated alumina. The prepared gas is led to the annealing 
pots, through which it circulates, finally burning on emergence. 
A temperature of 1,400°-1,500° F. is used, with an annealing time 
of 7 hr. The strip annealed in this way has a very bright, clean 
surface. 

Grain Distortion in Metals During Heat Treatment. C. 
Nusbaum and N. P. Goss. (Transactions of the Society for Metals, 
1935, vol. 23, Sept., pp. 621-632). A series of Laue X-ray photo- 
graphs is presented which shows that during the heat treatment 
of metals grains may grow in such a manner as to have perfect 
crystallinity, as indicated by sharply-defined diffraction maxima ; 
or they may grow in such a manner as to be more or less “ dis- 
torted,’”’ as indicated by diffuse or poorly-defined diffraction 
maxima, generally known as “radial asterism.” Some of the 
factors which determine the freedom from or the presence of 
“ distorted ’’ grain growth are (1) degree of cold-work, (2) chemical 
composition, (3) temperature of treatment, and (4) length of time 
of treatment. 

Maintaining the Quality of Aero-Engine Material, with Special 
Reference to Heat Treatment. E. R. Gadd. (Wild-Barfield Heat 
Treatment Journal, 1935, vol. 1, June, pp. 58-63). It is explained 
that material for aero-engines is required to undergo stringent 
tests before being accepted. Thus, the steel ingots are examined 
for cleanliness and soundness, whilst the bars are subjected to 
fracture and Brinell tests. Valve spring wire may be given 
tensile, reverse bend, winding and pickling tests, besides micro- 
examination ; the latter reveals any surface decarburisation. 
Case-hardened parts are carburised in a mixture of 60 per cent. 
wood charcoal and 40 per cent. sodium (or barium) carbonate ; 
with each batch of material a test-piece is included. Finished 
aircraft components may be examined for surface defects by 
using a suitable etching reagent, when soft spots, cracks, inclusions, 
&c., are made apparent. The magnetic test may be usefully 
employed to reveal heat-treatment and grinding cracks. 

Sheet Normalising. E. R. Mort. (Iron and Steel Industry, 
1935, vol. 8, June, pp. 367-370). The relative merits of open 
annealing, box-annealing and normalising as grain and surface 
control treatments for sheet material are examined. Tue author 
then deals with the types of normalising furnace generally employed 
and touches on the subject of controlled atmospheres; the 
normalising of tinplate is also mentioned. 

Heat Treatments of Cast Steels. Daubois. (Arts et Métiers, 
1935, vol. 87, July, pp. 147-149). The author discusses briefly 
the phenomena which take place within the metal during the 
solidification and cooling of steel castings, records a few tests 
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made on two steels in the condition as cast and after various 
heat treatments, and indicates the conclusions to be drawn from 
them. 

Steels for the User.—X. Heat-Treatment of Steel. R. T. 
Rolfe. (Iron and Steel Industry, 1935, vol. 8, Aug., pp. 449 
452). Continuing this series, the author deals further with heat- 
treatment, particularly as applied to steel castings, and cites 
practical examples. The treatment of worked steel is also con- 
sidered, and then follows a discussion on the range of properties 
obtainable by suitable heat treatment. 

Steels for the User.— XI. R. T. Rolfe. (Iron and Steel Industry, 
1935, vol. 8, Sept., pp. 487-490). It is pointed out that the proper 
heat treatment of forgings and castings of carbon steel is often 
essential, and in any case generally desirable ; the usefulness of 
micrographic investigation in this connection is emphasised. 
Finally, some space is devoted to the subject of the heat treat- 
ment of welds. 

Control of Grain Size and Structure in Large Forgings by Heat 
Treatment. G. J. Horvitz and G. B. Jack. (Iron Age, 1935, 
vol. 136, Sept. 26, pp. 48-50). The authors discuss the control 
of grain size in carbon steel forgings ranging in section from 6 to 
20 in. A few of the more important points which must be ob- 
served during the heat treatment of this class of material are 
listed. 

Production and Heat Treatment of Springs. J. B. Nealey. 
(Industrial Heating, 1935, vol. 2, Mar., pp. 135-138). This 
article describes the equipment and procedure for forming and 
heat treating coil springs and elliptic springs of all sizes. 

Heating for Coiling and Toughening Springs. J. B. Nealey. 
(Heat Treating and Forging, 1935, vol. 21, June, pp. 295-296, 
303). The production of springs at the works of the American 
Spiral Spring and Manufacturing Co. is described. Gas-fired 
furnaces and heavy mechanically-operated coiling machines 
constitute the bulk of the equipment in the hot-wound spring 
section. The oil-quenching tanks are equipped with automatic 
conveyors. The material for springs is heated to 1,700° F., coiled, 
allowed to cool, reheated to 1,550° F., oil-quenched and _ finally 
tempered at 900° F. Stock for elliptic springs is heated, nibbed 
and cambered, and subsequently heat-treated. 

Gears Manufactured into Transmission Assembly for Quiet 
Operation. (Steel, 1935, vol. 96, July 1, pp. 30-33). Particulars 
are given of the procedure adopted at the works of the Buick 
Motor Co. for producing transmission gears of high accuracy. 
The machining, lapping and heat-treating ‘operations are described. 

A New Method of Heat Treating Rails. T. Brunner. (Iron 
Age, 1935, vol. 136, July. 11, pp. 21-24). A special normalising 
process, developed. by the. Illinois Steel. Co., for the produétion 








426 THE IRON AND STEEL INDUSTRIES. 


of rails possessing great ductility, impact and wear resistance, 
is described. It is anticipated that transverse fissures in rail 
heads will be eliminated by the adoption of this heat treatment. 
The process consists of cooling the rails, after they have left the 
mill, until the temperature in the interior of the rail section is 
slightly below the “‘ thermal critical range ”’ and above the thermal 
brittle range. The rails are then reheated to a temperature just 
above the thermal critical range, and the ends of the rail heads 
are cooled by an air blast ; they are thus air-quenched and are 
considerably harder than the body of the rail (about 375 compared 
with 260 Brine'l). The hardness of the rail ends can be controlled 
by varying the severity of the air-quenching treatment ; it gradu- 
ally decreases from the ends towards the middle of the rail section. 
A method of determining stress contours has been devised ;_ it 
consists of sawing the rail head into diamond-shaped sections, 
which are then measured for distortion by means of a micrometer. 
In this manner the stresses in old and new rails, cooled on the 
hot-bed and normalised, were estimated. It is shown that the 
normalised rail possesses the lowest initial stress. 

Accurate Hardening and Tempering. E. F. Lake. (Heat 
Treating and Forging, 1935, vol. 21, May, pp. 219-222). The 
author briefly explains the principles of hardening and tempering 
of steels and indicates the procedure which should be followed 
in order to obtain the desired results. 

Hardening Tool Steels in Controlled Atmospheres. S. K. 
Oliver. (American Society for Metals, Apr. 15, 1935: Steel, 
1935, vol. 96, June 24, pp. 30-32, 48). It is pointed out that in 
order to prevent excessive scal'ng or decarburisation when harden- 
ing tool steels, the furnace atmosphere must be carefully controlled. 
However, a procedure which gives good results in one locality 
may fail to do so elsewhere. The author discusses this fact and 
presents some results obtained by the use of various atmospheres. 
Finally, a design of furnace which will enable the proper atmos- 
phere for any class of tool steel to be established is outlined. 

Investigation Regarding a Suitable Method for Determining the 
Hardening Depth for Tool Steel. G. Thalén. (Jernkontorets 
Annaler, 1935, vol. 119, No. 3, pp. 99-134). The author suggests 
that the depth of hardening may be defined as the thickness of 
the surface layer of the test-piece measured from the edge to the 
point where the structure consists of equal quantities of marten- 
site and troostite. This depth may be ascertained with sufficient 
accuracy by etching the fractured surface for 10 to 15 sec. with 
2 per cent. nitric acid in order to darken the core. Cylindrical 
test-pieces { in. in diam. have been found suitable for 
this test. The influence of the diameter of the specimen, the 
condition of the surface, and the heat treatment on the hardening 
depth has been investigated, and the results of the depth-of- 
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hardness test described by the author are compared with the 
American conception of hardenability. 

Tool Steels. A. Michel. (Métaux, 1935, vol. 10, Jan., pp. 
3-21; Apr., pp. 88-100). The author first discusses the prin- 
ciples of heat treatment and its effect on carbon steels, and then 
deals with the practical application of these principles to the 
forging and heat treatment of carbon tool steels. 

Testing the Quality of Unalloyed Tool Steel. E. Houdremont, 
H. Schrader and A. Clasen. (Archiv fiir das Eisenhiittenwesen, 
1935, vol. 9, Sept., pp. 131-142). The authors have carried out 
tests to determine the behaviour of unalloyed tool steels, con- 
taining about | per cent. of carbon, on submission to hardening, 
annealing, case-hardening and decarburising treatments. The 
steels were made in the basic electric furnace, basic or acid open- 
hearth furnace, crucible, and basic or acid high-frequency furnace, 
from charges containing various proportions of pig, scrap, sponge 
iron, or carbonyl iron. The repeated hardening test proved 
unsuitable for examining the susceptibility to hardening cracks. 
Determination of the hardening limits yielded marked differences 
in the depth of hardening and the hardenability; in general, the 
greater the depth of hardening the smaller was the hardening 
range. On bending in the hardened condition, the fully-hardening 
steels quenched from higher temperatures usually behaved badly. 
After overheating the steels during case-hardening at 1,000° C., 
conclusions could be drawn as to their susceptibility to overheating 
from the size of the cementite network in the outermost skin 
zone. After annealing below A,, marked spheroidisation of the 
cementite was observed only in experimental steels made from 
particularly pure materials. On decarburising in moist hydrogen, 
commercial steels showed only slight differences, which were 
insufficient to indicate the purity of the material, but in experi- 
mental melts of particular purity the ability to decarburise was 
markedly affected by the method of making the steel adopted. 
All commercial steels had a ‘‘ normal ”’ case-hardened structure ; 
abnormality occurred only in materials of great purity. The 
occurrence of an abnormal structure in the McQuaid-Ehn test 
could not be correlated with the oxygen content, but it did have 
some relation to the purity of the steel, in so far as this brought 
about more rapid spheroidisation with less hysteresis and a com- 
paratively high A, transformation temperature. 

Experiments with Low-Tungsten Molybdenum High-Speed 
Steel. H. Pohl, H. Pollack and R. Scherer. (Stahl und Eisen, 
1935, vol. 55, Sept. 19, pp. 1001-1005). The article is in three 
parts, each by one of the authors named and in the order given ; 
each investigator worked independently. Tests with steels con- 
taining approximately chromium 4, molybdenum 8, tungsten 2 
and vanadium | per cent. showed that, in comparison with ordinary 
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high-speed steel (tungsten 18, chromium 4, vanadium 1 per cent.), 
melting presented no difficulties, but that the hot-working and heat 
treatment required greater care on account of decarburisation 
and volatilisation of molybdenum. The best quenching tempera- 
ture was found to be 1,200°—1,220° C. (much lower than that for 
ordinary high-speed steels) and the best tempering temperature 
540°-560° C. (somewhat lower). The serviceability of the two 
steels, as shown by drilling and machining tests, was about the 
same, though that of the molybdenum steel was very variable. 

New Method of Hardening High-Speed Steel Hack-Saw Blades. 
J. Trickett. (Metal Treatment, 1935, vol. 1, Summer Number, 
pp. 100-101). The proper hardening of hack-saw blades is attended 
by some difficulty, since although the blade must be quite hard 
the ends are required to be soft. A system of hardening is des- 
cribed in which the blades are clamped at each end and heated 
by an electric current which is passed through while the blades 
are under slight tension. The expansion of the blade is made 
to operate a pointer which thus indicates the temperature reached. 
The blades are allowed to cool in air. Since the clamps on the 
ends of the blades exert a cooling effect no subsequent annealing 
operation is necessary. 

Field Drawing of Roll Neck Bearings. S. F. Keener. (Iron 
and Steel Engineer, 1935, vol. 12, June, pp. 345-346). The 
procedure adopted in the stress-relief of roll neck bearings in 
service is outlined. The roller bearings are treated in an oil bath 
at a temperature of 325°-350° F. Since the bearings are from 18 
to 53 in. in diam. and up to 6 in. in section, they must be main- 
tained at the correct drawing temperature for a considerable 
period to ensure thorough treatment. Electrical heating of the 
oil bath is found to give the best results, and it is recommended 
that treatment be carried out every three or six months. 

The Effects of Special Elements on the Velocity of Expansion 
due to Martensitization during Quenching of Steel. T. Murakami 
and A. Hatta. (Kinzoku No Kenkyu, 1935, vol. 12, Apr., pp. 
173-188). A self-recording apparatus for obtaining expansion 
time curves during the quenching of steel was constructed, and 
eurves were obtained for four carbon steels and thirty-two alloy 
steels (containing up to 2 per cent. of alloying element) of nearly 
eutectoid carbon content. The specimens were quenched in oil 
at temperatures between 850° and 1,100°. The velocity of expan- 
sion due to martensite formation was calculated from a formula 
relating the amount formed to the elapsed time. In plain carbon 
steel of nearly eutectoid composition martensite is formed by oil- 
quenching, while in carbon steels of hyper- and hypo-eutectoid 
composition troostite is formed. Withthe exception ofa 1-94 per 
cent; cobalt steel, the alloy steels yielded martensite. The velocity 
and amount of expansion of vanadium steels are small, and those 
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of tungsten steels are large. Among the steels containing 0-5 
and | per cent. of alloying element added, manganese steel has 
the largest velocity of expansion, while among those with 1-5 
or 2 per cent. of special element tungsten steel has the largest 
velocity. 

The Deformations Accompanying the Heat Treatment of Cold- 
Worked Metals. M. Bonzel. (Académie des Sciences, Aug. 5, 
1935: Génie Civil, 1935, vol. 107, Aug. 31, pp. 204-205). The 
author presents the results obtained in experiments in which 
cylinders (of steel and other metals) were submitted to torsion 
in the cold and were then heated to various temperatures, the 
change of the degree of torsion being noted. The results are 
shown graphically in deformation/temperature curves, the shapes 
of which are somewhat complicated. Starting from room tem- 
perature, there is first a range in which the deformation is sub- 
ordinated to a displacement of the equilibrium of the internal 
couples as a result of the increased viscosity of the superficial 
layers and the raising of the elastic limit of the less-worked 
interior. In the zone of recrystallisation, deformations appear, 
the direction and amplitude of which are governed by the nature 
of the alloy, its condition and the degree of initial cold-work. The 
foregoing effects are strictly irreversible, but the author has 
observed that the polymorphic change in ferrous metals appears 
on the deformation diagrams, both on cooling and on heating, 
with the usual temperature lag between the Ac and Ar points 
and to a degree which increases with increasing initial torsion. 
Thanks to the diversity of those effects, the problem of nullifying 
the deformation on heating after previous cold-deformation seems 
to be capable of solution in certain cases; these the author 
discusses. 

Influence of Cold-Deformation on the Behaviour of an Austenitic 
Silicon-Manganese Steel during Tempering. FF. Bollenrath. 
(Archiv fiir das Eisenhiittenwesen, 1935, vol. 9, Sept., pp. 155 
161). A steel containing approximately carbon 2, silicon 1, and 
manganese 3 per cent., obtained in the austenitic condition by 
quenching, was cold-worked and then tempered. Expansion 
temperature curves showed that carbide precipitation occurred 
first, followed by the y—« transformation. As the cold-deformation 
was increased, the temperature ranges in which the expansion 
and transformation took place were depressed to lower tempera- 
tures and became narrower. In the undeformed steel, the 
austenite, after the carbide precipitation, persisted over a certain 
temperature range, not only during further heating but also 
during subsequent cooling ; in the heavily worked metal, on the 
other hand, the transformation set in immediately after, or even 
partially during, the precipitation at a very much increased rate. 
The type of the precipitation passed from the principally banded 
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form in the undeformed metal to an exclusively globular form in 
the heavily worked specimens; with intermediate degrees of 
working, both types occurred. Contrary to the case of unalloyed 
steels, the greatest increase of hardness occurred during the 
precipitation and not at the transformation. After the precipi- 
tation the hardness varied more with the temperature than it did 
in the austenitic steel. The highest temper hardness was obtained 
after slight deformation. 

Accelerating Effect of a Sinusoidal Mechanical Tension on 
the Tempering of a Hyper-Quenched Iron-Nickel-Chromium- 
Carbon Austenite. P. Chevenard and X. Waché. (Académie des 
Sciences, July 22, 1935: Génie Civil, 1935, vol. 107, Aug. 10, 
p. 139). It has long been known that mechanical treatment can 
accelerate, or even initiate, the decomposition of certain metallic 
phases which are out of equilibrium. The authors have carried 
out tests on an iron alloy containing carbon 0-33, nickel 36-3 
and chromium 11 per cent. This alloy, consisting of an aggregate 
of carbide and austenite in the stable condition when cold, can be 
converted into a homogeneous solid solution by hyper-quenching, 
and returned to the aggregate condition by tempering. Tae 
effect of tempering can be followed quantitatively by thermo- 
magnetic analysis; the precipitation of chromium-rich carbide 
raises the Curie point of the austenite and renders this constituent 
heterogeneous, as is shown by the spreading of the magnetic 
transformation. Specimens were quenched in water from 
1,200° C.; they were then tempered in pairs at various tempera- 
tures and for various times, one of the pair being subjected to 
tension, either constant or sinusoidal, while the other was not. 
The results are set out in the form of graphs. The accelerating 
effect of sinusoidal tension on the carbide precipitation is clearly 
shown ; the influence of a tension oscillating five times per sec. 
between 1-75 and 6-85 kg. per sq. mm. has the same effect as 
increasing the tempering temperature by about 30°; it is greater 
than that of a constant tension of 6-85 kg. per sq. mm., and appears 
to increase with the frequency of oscillation. When these alloys 
are expected to work at high temperatures, it is necessary to 
stabilise them by an appropriate anneal, as the cooling following 
forging is equivalent to a partial hyper-quench. Failing this 
stabilisation, tempering occurs during service under the double 
action of temperature and stress. This carbide precipitation gives 
rise to a certain increase in the hot strength, but in certain cases 
it may also cause a brittleness comparable to temper-brittleness— 
whence rupture without noticeable deformation, and liability to 
attack by certain corrosive agents (owing to the heterogeneity). 

Retained Austenite and its Decomposition Range in a Quenched 
Cobalt High-Speed Steel. ©. A. Liedholm. (Transactions of the 
American Society for Metals, 1935, vol. 23, Sept., pp. 672-692). 
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The author discusses the structure of a quenched cobalt high- 
speed steel, and its changes during temp2ring. Similarities in 
the microstructures after certain tempering treatments seem to 
indicate that quenched high-speed steels contain a constituent 
corresponding to the martensite of carbon steels. Studies of the 
specific volume also indicate that a considerable amount of 
austenite is retained upon quenching. The structure of a quenched 
high-speed steel therefore seems essentially similar in nature to 
that of a quenched carbon steel. The martensite and austenite 
decompositions occur in the same order as in carbon steels. The 
magnitude of the change in volume upon decomposition of the 
austenite makes it appear possible that some age-hardening may 
occur simultaneously with the decomposition. 

Influence of Phosphorus on Temper-Brittleness. H. Bennek. 
(Archiv fiir das Eisenhiittenwesen, 1935, vol. 9, Sept., pp. 147- 
153: Metallurgist, 1935, Oct. 25, pp. 72-74). In manganese, 
nickel, chromium, chromium-nickel and chromium-nickel-molyb- 
denum steels, temper-brittleness can be developed by the addition 
of 0-03 to 1 per cent. of phosphorus, but in unalloyed steel this 
is not the case. Additions of 1-5 per cent. of manganese, nickel 
or chromium to very low phosphorus carbon steel set up little 
or no temper-brittleness. Improvement of the temper-brittleness 
by prolonged annealing at 650° is connected with an equalisation 
of the phosphorus segregation by diffusion; a similar effect is 
obtained by a diffusion annealing before heat treatment, so that 
the improvement is not a reversible phenomenon. Precipitation 
hardening due to phosphide is increased by manganese, nickel 
and chromium. The opinion that phosphide precipitations in 
the crystal segregates play some part in causing temper-brittleness 
in commercial steels also, therefore, seems very probable. 

Temper-Brittleness. (Metallurgist, 1935, June, pp. 43-46). 
Some recent work by Borel and by Nagasawa is critically sum- 
marised, and attention is then directed to the results of investi- 
gations by Bischof. 

Heat Treatment of Cast Iron. R. G. McElwee. (American 
Foundrymen’s Association, Aug., 1935, Preprint No. 3). The 
author discusses the production of martensitic iron and indicates 
some specific applications. The heat treatment of special irons 
is also discussed, with particular reference to an iron containing 
approximately 2-5 per cent. of carbon, 1-5 per cent. of silicon 
and 0-35 per cent. of manganese. This iron is cast white, and a 
tensile strength of 90,000 lb. per sq. in., an elastic limit of 70,000 
lb. per sq. in, with an elongation of approximately 4 per cent. 
and a hardness of 235 Brinell are obtained by heat treatment. 

Heat Treatment of Grey, White and Malleable Cast Irons. 
H. Bornstein. (Industrial Heating, 1935, vol. 2, May, pp. 235-- 
238; June, pp. 289-292). Examples of the heat treatment 
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employed in the production of high quality cast irons—particu- 
larly alloy irons—are furnished. 





WELDING. 


Power Stations for Electric Welding. Dutilleul and Taton. 
(Génie Civil, 1935, vol. 107, Sept. 28, pp. 290-293). By the term 
“power station’’ is meant an assembly of converter groups 
coupled in parallel, capable of supplying electric current to all 
the are welders in a works, the latter connecting their individual 
circuits on to a common main. The authors discuss the electrical 
characteristics of such an arrangement. 

Portable Resistance Welding Machine of Large Power. J. Otto. 
(Zeitschrift des Vereines deutscher Ingenieure, 1935, vol. 79, 
June 29, pp. 805-806). The construction and use of a resistance 
welding machine which, though portable, is quite powerful, 
are described. It can be used for the butt-welding of rails without 
removing them from the track. 

Valve Control of Spot and Seam Welders. A. ©. Croskell. 
(Welding Industry, 1935, vol. 3, Sept., pp. 272-274). For certain 
welding purposes very accurate control over the welding times 
of spot welders is required. By the use of grid-controlled rectifiers 
it is possible to employ very short welding times and heavy 
currents, and, if necessary, a high speed of welding, as in seam 
welding. 

A New Design of Spot Welding Electrodes. G. Komovski. 
(Journal of the American Welding Society, 1935, vol. 14, July, 
pp. 14-15). It is shown that tapered electrodes are the most 
suitable for spot welding, and the current density distribution 
for such electrodes is represented graphically. A new type of 
electrode is described in which, to avoid deformation of the 
contact surface, the end of the electrode is enclosed in a protective 
steel sleeve. 

Electric Resistance Seam Welding and Its Applications. 
L. A. Ferney. (Welding Industry, 1935, vol. 3, June, pp. 171- 
173; July, pp. 209-212; Aug., pp. 249-250). In this series of 
articles the author describes the theoretical and practical aspects 
of seam welding, reviews the materials suitable for the process and 
classifies the machines available. The characteristics of the latter 
are critically examined, whilst attention is also given’ to welding 
technique. Many applications of seam welding are cited, some 
useful performance figures are given, and, finally, an example of 
the cost of operating a seam welder is quoted. 

Electric Seam Welding Machines. (Engineer, 1935, vol. 160, 
Aug. 23, pp. 190-192). The principles of seam welding are 
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explained, the flexible nature of the process is illustrated, and 
the methods of controlling the welding conditions are indicated. 
It is shown that seam welding is in the nature of repeated spot 
welding, and the mechanical and electrical methods of controlling 
the pitch and frequency of the spot welds are compared. 

Welding Developments During the Year 1934-1935. G. A. 
Hughes. (Iron and Steel Engineer, 1935, vol. 12, Sept., pp. 65- 
69). In this paper the author outlines the chief advances in 
American welding technique during the period under survey. 

Electric Welding. G. Moressée. (Revue Universelle des 
Mines, 1935, vol. 11, Aug., pp. 345-361). The author explains 
the principles of the two processes of welding, resistance and are 
welding ; he goes into more detail in regard to the latter, because 
it is in more general use in Belgium, and he deals with the physical, 
chemical and metallurgical aspects of the process. He also 
devotes space to a consideration of testing—tests on the weld- 
ability of steels, on the filler material, reception tests on electrodes, 
and tests to check the manipulative ability of the welder. The 
article concludes with a few references to recently-erected buildings 
of welded construction. 

Progress of Electric Welding in the Steel Industry. H. J. 
Bowles. (Iron and Steel Engineer, 1935, vol. 12, May, pp. 285- 
287). In this article some of the aspects of the progress of welding 
are outlined, such as the proper training of the welders, the 
repair of broken or worn parts, the increased welding currents 
now used, and the adoption of heavily coated electrodes and alloy 
welding rods. 

Development and Application of Electrodes in Arc Welding. 
W. Strelow. (Zeitschrift des Vereines deutscher Ingenieure, 
1935, vol. 79, Sept. 7, pp. 10SO-i084). After touching on some of 
the essential phenomena which occur during welding with bare 
and coated electrodes, the author deals in more detail with the 
electrodes themselves—bare, coated, dipped and cored; their 
properties are noted and their effects on the operation of welding 
are indicated. 

Electric Arc Welding in General Engineering. J. Orr. 
(Transactions of the Institution of Engineers and Shipbuilders 
in Scotland, 1935, vol. 78, pp. 320-329). The results of investiga- 
tions on the profiles of butt joints, the residual stresses due to 
welding, the welding of high-tensile steels, and fatigue tests of 
butt joints in mild steel and high-tensile steels, are reproduced. 

Present Position of the Technique of Resistance Welding. 
E. Rietsch. (Zeitschrift des Vereines deutscher Ingenieure, 1935, 
vol. 79, June 29, pp. 800-804). 

Metallurgy of Oxy-Acetylene Welding of Steel. J. H. Crichett. 
(International Acetylene Association, 1934: Journal of the 
American Welding Society, 1935, vol. 14, May, pp. 2-6). The 
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author describes the production of steel in the open-hearth 
furnace and draws an analogy between this process and the 
welding operation. 

Specifications Relating to Weld Metals for Oxy-Acetylene 
Welding. (Welding Industry, 1935, vol. 3, Aug., pp. 251-254). 
This article is a translation of the first three sections of the French 
specifications relating to weld metals for oxy-acetylene welding. 
The subjects covered include: General preparation of welding 
metals ; welding metals for the welding of steels ; welding metal 
for the welding of cast irons. These specifications are to be 
subjected to criticism and, if necessary, modification, before 
being issued in their final form. 

Shop and Field Welding. E. D. Arvidsson. (Welding Industry, 
1935, vol. 3, June, pp. 163-166). It is pointed out that welding 
in the field is generally more difficult than welding in the shop ; 
but field welding need not be less reliable, and if proper super- 
vision, weather protection, handling facilities and welding pro- 
cedure are granted, welding in sifu should be as efficient as shop 
welding. The author cites examples of welds carried out with 
the object of minimising welding stresses, as illustrating the 
possibilities of field welding. 

The Welding of Low Alloy Steels. J.C. Holmberg. (Journal 
of the American Welding Society, 1935, vol. 14, Sept., pp. 8-10). 
The effects of the alloying elements in low-alloy steels for welding 
are discussed. 

Arc Welding of High Carbon and Alloy Steels. ‘I’. N. Armstrong. 
(American Society for Metals, 1935, Preprint No. 4). In welding 
high-carbon and alloy steels by the are process, the heat from the 
are causes the formation of a hardened zone in the base metal 
adjacent to the deposited metal. Unequal cooling strains set up 
in the deposit and the base metal cause cracks to occur in this 
heat-affected zone. Heating the base metal prior to welding 
prevents welding cracks, but preheating does not appear to 
improve the bending properties of the weld, and apparently 
affects the impact properties adversely. 

The Welding of High Tensile Steels. K. L. Zeyen. (Stahl 
und Eisen, 1935, vol. 55, Aug. 22, pp. 901-906). In the welding 
of higi-tensile steels difficulties may arise, and these are discussed. 
Previously it had been considered that carbon contents up to 
0-35 per cent. were permissible in plain carbon steels for welding 
but it is shown that by welding electrically with madern heavily- 
coated electrodes unalloyed steels with carbon up to about 
0-55 per cent. can be welded. On the other hand, in the gas 
welding of thin sections difficulties often arise out of the fissuring 
of the weld with carbon contents as low as 0-3 per cent., so that 
the use of such steels is often excluded. By decreasing the carbon 
content and increasing the manganese, high-tensile steels with 
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no tendency to weld-fissuring have now been developed. In 
addition to the disadvantage that in the welding of high-tensile 
steels the zones near the welds may become hard, brittle or soft, 
there is the further difficulty that for such steels the usual filler 
materials are often unsuitable. The requirement of chemical 
sim:larity of weld-metal and basis metal is correct for corrosion- 
resistant steels, but not for others. For these, austenitic welding 
rods can well be used, even for non-austenitic plain or alloy 
steels, with the limitation that the tensile strength of the welds 
will not exceed 80 kg. per sq. mm. 

Stainless Steel Containers Fabricated by Welding. (Steel, 
i935, vol. 97, Aug. 5, p. 49). The advantages of welded 
containers of stainless steel are stressed. 

Krupp Special Welding Process D.R.P. 567094. E. Beckmann. 
(Technische Mitteilungen Krupp, 1935, vol. 3, Aug., pp. 137-142). 
For long it was regarded as essential that, particularly for highly- 
stressed parts, the weld, the transition zone and the parent metal 
must have the same structure, which was attained by using 
electrodes of the same composition as the parent metal and by 
heat-treating the weld. Krupp’s have now departed from this 
ideal. They employ an electrode with a high content of nickel 
and chromium, so that the deposited metal has an austenitic 
structure—hence the name “austenitic welding.’’ The field of 
application of this special welding process is wide ; for boiler and 
machine construction it has three particular advantages: (1) 
Ageing-resistant steel can be used for the parent metal; (2) the 
electrode produces a weld with high strength, elongation and 
notch-toughness qualities without subsequent heat treatment, 
which is resistant to ageing and has the same coefficient of ex- 
pansion as the parent metal; and (3) there is no need for heat 
treatment to avoid welding stresses. The author touches on 
the plate material and the electrodes used in this process, and 
the properties of the welds; he also refers briefly to dynamic 
tests, self-stresses and their diminution by plastic deformation, 
and tests showing the absence of electrolytic reactions between 
the weld and plate which might cause damage to the boiler 
plate. (See following abstracts). 

The Developing of Austenitic Welding (Set Out by Reference 
to the Experiments Carried Out). K. Kautz. (Technische Mitteil- 
ungen Krupp, 1935, vol. 3, Aug., pp. 143-173). The author 
gives a very full account of the metallographic, metallurgical 
and technological tests and experiments made in the development 
of this new welding process to which the name “ austenitic 
welding *’ has been given. (See previous abstract.) When the 
process was applied to boiler making, it was necessary, on theoreti- 
cal grounds, that the condition of similarity of thermal expansion 
of parent metal and weld should be relaxed, and this require: 
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a large number of metallurgical and practical welding tests. 
As, in this process, the welded material was not to be heat-treated, 
further experiments were needed on this account. It was found 
ultimately that without heat treatment the properties of the 
welded joint, in the heat-affected zone of the parent metal, in 
the weld itself, and in the transition zone, were equal to the 
previous maximum requirements, and that by heat treatment no 
further improvement could be secured. Heat treatment to reduce 
the stresses was also found to be unnecessary, as the high plastic 
and elastic deformability and the lack of notch-sensitiveness of 
the austenitic weld metal were extremely favourable for the 
diminution of the self-stresses. It is further shown that suggestions 
regarding the danger of self-stresses when age-resistant and 
tough materials are used for the plate and weld metal, are 
unfounded. 

Can Welds of High-Quality Materials Diminish the Life of 
Boiler Plates? ©. Carius. (Technische Mitteilungen Krupp, 
1935, vol. 3, Aug., pp. 173-175). The author describes corrosion 
tests on welds made by the “ austenitic welding” process (see 
preceding abstracts), to determine whether the ditference between 
the compositions of the plate and weld metal might have a harmful 
effect. He concludes that no such danger is to be feared. 

The Welding of High-Strength Steels. K. L. Zeyen. (‘Tech- 
nische Mitteilungen Krupp, 1935, vol. 3, Aug., pp. 176-188). 
The author discusses some of the metallurgical and other problems 
encountered in the welding of high-strength steels, under the 
following headings: Improving the quality of steel by alloying 
and heat treatment ; the welding of alloy steels as a new problem ; 
the weldability of carbon steels; the development of steels 
unaffected by welding for thin sections; manganese steels with 
higher carbon contents suitable for arc-welding; undesired 
changes of properties in the weld zone; progress in regard to 
filler metal; and the limitation of the strength of “ austenitic 
welds” and the possibilities of attaining still higher strength 
values. 

Transition Structures in Fusion Welding with Austenitic Filler 
Materials. F. Rapatz and W. Hummitzsch. (Archiv fiir das 
Kisenhiittenwesen, 1935, vol. 8, June, pp. 555-556). Austenitic 
steel filler materials have the advantage that they produce tough 
welds which are hardly affected by heating and cooling; this 
advantage is particularly useful with basis metal that can be 
hardened considerably. In the transition zone between weld 
and plate, martensite is usually found—occasionally ferrite 
also if the carbon contents of the weld and plate are low. With 
higher carbon contents in the basis metal, the austenite penetrates 
the grain boundaries. Nickel austenite produces a tougher transi- 
tion zone than manganese austenite, probably because nickel, 
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owing to its slower rate of diffusion, forms thinner layers of transi- 
tional martensite than manganese; a further disadvantage of 
manganese is the greater sensitivity of manganese martensite to 
overheating. Chromium and molybdenum raise the weldability, 
but have much less effect on the structure than nickel and man- 
ganese. When welding with manganese steels, hardening and 
contraction cracks occur very readily, the former because of the 
susceptibility of manganese martensite to overheating, and the 
latter on account of the large thermal expansion of austenitic 
manganese steels. Low carbon contents in both the basis metal 
and the weld favour tough joints; with nickel austenite higher 
carbon contents can be allowed. Good joints can be made between 
the known wear-resisting steel with 12 per cent. of manganese and 
pearlitic steels even of higher carbon contents by means of austen- 
itic fillers with low carbon contents, particularly nickel and 
nickel-chromium steels. 


Electric Arc Welding Bronze Overlays on to Steel. C. H. 
Jennings. (Iron Age, 1935, vol. 136, July 4, pp. 22-25, 178). 
An account is given of the welding of bronze overlays on to steel 
rocker rings for locomotive motors. The actual process is one of 
brazing rather than welding; the steel is allowed to reach a dull 
red heat by maintaining the deposited bronze a little ahead of 
the are; thus the steel is heated by conduction and does not 
fuse. The metallic-arc process is used, the electrodes being of 
phosphor-bronze. Difficulty is experienced when attempting to 
build up several layers owing to the extreme fluidity of the bronze ; 
it may be necessary to use copper dams to retain the molten 
metal. Grooves and corners should be well radiused in order to 
secure adequate penetration, and the surface to be treated should 
be free from grease or dirt. Given these conditions successful 
deposits of bronze on steel may be obtained. 


Welding of Machine Tools. Hoch and L. A. Ferney. (Welding 
Industry, 1935, vol. 3, Aug., pp. 231-234). Machine tools such 
as presses, shapers, lathes, &c., of welded and cast (or bolted) 
construction are compared, and the merits of the welded structures 
are emphasised. 


The Adaptation of Engine Seating Structures for Welding. 
J. K. Johannesen. (Welding Industry, 1935, vol. 3, Sept., p. 276). 
A short note on the adaptation of an engine seating structure 
from riveted to welded construction is given. 


Induction Welding as a New Means of Manufacturing Pipes. 
F. Owesny, jun, (Réhrenindustrie, 1935, vol. 28, May 11, pp. 49- 
51). The author describes the difficulties encountered and recent 
advances made in the use of a method of welding tubes in whieh 
the heat required for welding is generated within the metal by 
the agency of a powerful alternating magnetic field applied from 
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without ; suitably placed rollers press the edges of the shaped 
strip together so as to close the joint. 

Electric Welding Processes in the Manufacture of Pipes and 
the Laying of Pipe-Lines. Kirschner. (Réhrenindustrie, 1935, 
vol. 28, Apr. 11, pp. 41-42; June 11, pp. 65-66). The use of 
resistance butt-welding, electric spot and seam welding, arc 
welding and “arcatom’”’ welding in the manufacture of pipes 
and the laying of pipe-lines and mains is described. 

The First British Automatic Flash Welding Machine for 
Autobodies. (Welding Industry, 1935, vol. 3, Sept., pp. 275-276). 
Motor Car Body Welding. (Machinery (Lond.), 1935, vol. 46, 
Aug. 22, pp. 625-627). The machine has been installed at the 
works of the Pressed Steel Co., Ltd., Cowley, Oxford, and is 
used for the production of saloon motor-car bodies. It is arranged 
to weld the two side panels and front panels in a welding time of 
8 sec. Welding is entirely automatic and the only subsequent 
operation is the removal of the upset fin on the outside of the body. 

Experiences in the End-to-End Welding of Steel Sheets. M. 
Duquénoy. (Génie Civil, 1935, vol. 106, May 25, pp. 513-515). 
The author records the results of mechanical tests made to deter- 
mine whether the junction of two sheets welded together end-to- 
end was as strong as the original parent metal. Six types of steel 
sheet were tested ; each sheet was divided into three, the separate 
pieces serving to show (a) the properties of the original metal, 
(6) any changes set up by laying down a layer of weld metal and 
then removing it by planing, and (c) the properties of the weld 
itself (in this case the piece was cut in half and welded together 
again, and the test-pieces were arranged to include the weld). 
The author’s general conclusion is that end-to-end welds in sheet 
steel intended to withstand tensile stresses do not merit the 
suspicion with which they are at present regarded in France, but 
he pleads for further tests on other qualities of steel in order that 
proof may be produced that such welds can normally be produced 
“100 per cent. strong.” 

Resistance Welding Methods in the Sheet Metal Industry.— 
Il. L. B. Hunt and C. F. Davidson. (Sheet Metal Industries, 
1935, vol. 9, July, pp. 459-460). In the concluding article in 
this series seam welding and projection welding are considered. 
It is shown that seam welding is a further development of spot 
welding, the spot-welds being made to overlap. Projection 
welding enables a large number of spot-welds to be made in one 
operation by the use of large, flat electrodes and localised pro- 
jections on the stock to be welded. (See Journ. I and S.I., 1935, 
No. I., p. 424). 

Fabrication of Road Machinery by the Electric Arc Welding 
Process. D. D. Trimble. (Steel, 1935, vol. 96, June 10, pp. 36- 
39). The essential operations are set-up and tack welding, 
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and final assembly welding. Bare and lightly-coated electrodes 
are used for tacking, but the minimum amount of tacking is 
performed. Special fixtures, readily adaptable to changes in the 
design and size of the product, are employed. Pads, pins and 
V blocks are used for locating the various parts. One par- 
ticular fixture utilises a pillar carrying a ball and socket joint, 
and this enables the assembly (in this case a road grader frame) 
to be manipulated by one man. Some of the fixtures are mounted 
on rollers; others are fastened to the floor. Stress-relieving is 
not practicable, but a technique has been adopted which minimises 
the magnitude of the locked-up stresses due to welding ; this is 
mainly accomplished by the use of heavily shielded electrodes. 

Electrically-Welded Malleable Cast Iron and Its After-Treat- 
ment. T. Tilemann. (Giesserei, 1935, vol. 22, Aug. 2, pp. 377- 
386). The author presents the results of a detailed investigation 
of the optimum conditions for the welding of whiteheart and black- 
heart malleable cast iron by the arc- and the resistance butt-weld- 
ing processes, the correct treatment of the welded material after 
welding and the quality of the welds produced (weldability). 
For arc-welding suitable coated or dipped filler rods, attached 
to the negative pole, must be used; compositions for the rod 
and coating are suggested. For thicknesses of 4 to 20 mm. a 
welding current of 100 amp., welding voltage of 25 v., and open- 
circuit voltage of €0 v., are suitable. All qualities of malleable 
iron can be welded, the welds being dense, homogeneous and 
capable of being decarburised. With suitable electrodes the 
carbon and silicon contents of the unwelded malleable iron can 
be duplicated in the weld. Layer welds on malleable iron are 
very wear-resistant. Resistance butt-welding can be used for 
whiteheart up to 15 mm. thick, but for blackheart the maximum 
thickness is less. The properties of butt-welds are improved by 
light forging on the anvil followed by annealing. 

Simple cooling in air or sand is adequate for arc-welds ; 
the tensile strength and hardness are raised and the elongation, 
toughness and machinability are scarcely depreciated. On heat- 
treating the welds in an annealing furnace in sand, best values 
were obtained by annealing whiteheart malleable for 30 min. 
at 900°-950° C. and blackheart for 2 hr. at 900°. By a normal 
tempering treatment the original condition of the malleable iron 
is more or less restored, but by a double tempering the original 
values are almost invariably exceeded. For simple, small and 
thin castings, after-treatment of arc-welds is not essential, but 
all butt-welds must reveive treatment, and the removal of the 
flash improves its effect. In general, the welds in whiteheart 
malleable were better than those in blackheart. 

Electric Welding as Applied to the Fabrication of Mild Steel 
Structures. KE. B. Nixon. (Welding Industry, 1935, vol. 3, 
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Aug., pp. 237-239). Some results obtained from welding with 
three types of electrode (unspecified) are presented. The depth 
of penetration, form of the deposit and type of welding set to 
use are briefly examined. 

Welded Plate Girders of 52 m. Span in the Construction of 
the Riigendamm. A. Seeger. (Zeitschrift des Vereines deutscher 
Ingenieure, 1935, vol. 79, Sept. 28, pp. 1173-1175). Brief details 
are given of the long welded plate girders used in the construction 
of the Riigendamm, near Stralsund, and the mode of carrying 
out the welding is described. 


Some Observations upon the Use of Arc Welding in Ship- 
building and Ship Repairing. H. W. Townshend. (Welding 
Industry, 1935, vol. 3, Aug., pp. 258-263). The author enumerates 
the economic and technical considerations which govern the 
application of welding to ship construction and examines typical 
welds from the point of view of the technique adopted. The 
relative merits of chamfered and squared edges, and of single-run 
and multi-run welds are compared. Attention is also given to 
methods of preconstruction. 

Effect of Peening on Physical Properties of Welds and Stress- 
Relief. ©. M. Harrelson. (Journal of the American Welding 
Society, 1935, vol. 14, May, pp. 19-25). The peening machine con- 
sisted of an air-hammer, beneath which the work was made to 
travel. To determine the effect of peening on the stresses induced 
by welding, a plate 1} in. thick was slotted to give a free bar, and 
this was cut and chamfered for welding. A strain gauge was 
applied and the bar was welded by the electric are, V and double-V 
butt-joints being employed. The test procedure consisted of 
welding several test-bars; some of them were plain welded and 
in others the layers were cleaned and peened. The test-bars 
were subsequently cut out and mechanically tested ; micrographs 
were also obtained. It is concluded that peening relieves the 
stresses induced by welding, and improves the structure and 
physical properties of the weld. 

Stress Relief of Fusion Welded Pressure Vessels. D. S. Jacobus. 
(Journal of the American Welding Society, 1935, vol. 14, May, 
pp. 6-7). The author comments on the provisions of the A.S.M.E. 
Code regarding stress-relieving, and on the general problem of 
stress-relief in pressure vessels. 

X-Ray and Welding. The Foundryman’s Aid to Quality 
Steel Castings. ©. M. Underwood and E. J. Ash. (American 
Foundrymen’s Association, Aug., 1935, Preprint No. 16). The 
authors describe routine methods at the Naval Gun Factory 
for the X-ray examination of steel castings. Welding procedure 
for the repair of steel castings is also described. 

Irradiation of very Thick Welds with Mesothorium. R. Bert- 
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hold and F. Stablein. (Technische Mitteilungen Krupp, 1935, 
vol. 3, No. 3, pp. 127-128). 

Testing of Welded Joints. (Stahl und Eisen, 1935, vol. 55, 
Sept. 5, pp. 953-961). A summary of the following papers, which 
were presented at a joint meeting of the Verein deutscher Ingen- 
ieure and the Verein deutscher Eisenhiittenleute on Apr. 27, 1935: 

K. Darves: Evaluation of the tests on welded joints. 

G. Fiex: Experiences in the carrying-out of fatigue tests. 

K. Scuénrock: Status of knowledge on the fatigue 
testing of welded joints. 

G. Breretr: Remarks on the measurement of weld stresses. 

R. KiuneLt: Remarks on the tensile test on welded joints. 

W. Horrmann: The tensile test on welded joints. 

M. Komers: Utility of the free-bending test for the testing 
of welded joints. 

F. Rapatz: Influence of the angle of chamfer on the results 
of the folding test. 

A. Mattine: The tensile test, experiences and knowledge. 

R. MaILANDER: The importance of the notched-bar impact 
test for the testing of welded joints. 

K. Baatz: Notch-toughness of boiler welds. 

G. Ticny: The testing of the weld seam in tubes of small 
diameter. 

H. Horr: The forge testing of welded joints. 

R. BertTHoLp: Non-destructive testing of welded joints. 

Design and Testing of Welds. ©. W. Hamann. (Welding 
Industry, 1935, vol. 3, July, pp. 220-225). The author considers 
welding tests under three main headings: (a) Preliminary tests 
to determine suitability for welding ; (4) inspection of the welding 
operations ; (c) inspection of the completed unit. The first class 
includes chemical analysis of the electrodes and deposited weld- 
metal, macro- and microscopic examination of sections cut from 
the finished weld, and destructive tests on prepared specimens, 
such as butt tensile tests, cruciform tests, fatigue tests, &c. Class 
(6) includes control of the welding conditions and of the welder. 
Class (c) embraces acoustic, electrical, magnetic and X-ray testing, 
and visual inspection. The author deals with the above-mentioned 
tests and concludes with a brief reference to research tests, as 
typified by photo-elastic methods of stress analysis. 

A Method of Testing Welded Seams. &. H. Schmuckler. 
(Electric Welding, Apr., 1935: Journal of the American Welding 
Society, 1935, vol. 14, July, pp. 16-17). The method of testing 
consists of boring a conical hole in the welded seam by means of 
a small portable milling machine. The same device may be used 
to mill off the ends of welds in order to obtain a more favourable 
stress distribution. The use of the Trifix cramp table in assembling 
lattice work for welding is also described. 
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The Technical, Practical and Economic Values of Comparative 
Methods of Testing Weld Deposits. J. P. Wadling. (Institution 
of Welding Engineers: Welding Industry, 1935, vol. 3, June, 
pp. 186-194). The author considers that the following conditions 
must be met: The weld metal must be uniform; the specific 
gravity of the weld must be adequate (connoting an absence of 
slag inclusions or blowholes) ; the metal must not be hot-short. 
Other important factors are: A high ratio of yield to ultimate 
stress ; sufficient toughness ; ample ductility ; adequate fatigue 
strength. 

Form of Welds and Fatigue Strength of Welded Joints. H. E. 
Neese. (Welding Industry, 1935, vol. 3, Oct., pp. 303-308). 
Fatigue tests were carried out on welded joints of various types 
(such as butt and strapped joints), and, for the purposes of com- 
parison, with a riveted joint. The tests were made with a vibrating 
bridge of 49 ft. 2 in. span, in the centre of the lower chord of which 
the test bar was incorporated. The test bars were subjected to 
static loading, and a vibrator attached to the upper chord of the 
bridge induced alternating stresses, so that the total load was 
pulsating. Butt joints yielded the best fatigue values, being 
superior to the riveted specimen; a gas-welded strapped butt- 
joint was equal to the riveted joint. On the whole, the strength 
of the various welded strap joints was low. The author goes on 
to discuss the incidence of failure in the welded joints. Defects 
due to improper welding of V and X joints are responsible for the 
failure of butt-joints ; gas welding tends to give a smoother and 
therefore stronger joint in the case of both Lutt ard fillet welds. 

Notched-Bar Toughness of Fusion Welds at Low and High 
Temperatures. W. Kleinefenn. (Iron and Steel Institute, 
Carnegie Scholarship Memoirs, 1935, vol. 24, pp. &7-102). 
In continuation of earlier work on the effects of the absorption 
of oxygen and nitrogen in fusion welding, the steep portion of 
the curve of notched-bar values has been defined for unalloyed 
and for nickel-alloyed weld fillets. It was found that the most 
favourable position of the steep part of this curve was obtained 
from welds made with covered electrodes, whereas exceptionally 
bad results were given by electric welding done with bare-wire 
electrodes. Normalising produced a favourable effect on auto- 
genous welds. In electrically welded specimens no definite 
shifting of the steep part of the curve was established as a conse- 
quence of heat treating above the A, point. The effect of alloying 
the welding rods was to increase the notch-toughness,' particularly 
at high temperatures. 

The Distribution of Hardness in Electrically and Thermit 
Welded Joints. E. Cotel. (Montanistische Rundschau, 1935, 
Sept., Stahlbau-Technik, pp. 5-7). The author has determined 
the microstructure and hardness at four places on the running 
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surface of welds in tramway track, nine made by electric welding 
and five by the thermit process. The micrographs and Brinell 
values are recorded and briefly discussed. 

Handling Distortion in Maintenance Welding Problems. G. 
W. Hettrick. (Journal of the American Welding Society, 1935, 
vol. 14, Sept., pp. 11-15). Examples of the welding of fractured 
parts—such as a broken milling machine, press frames, and a 
steam hammer cylinder-—are cited. The technique of repairing 
these articles is described and illustrated, particular stress being 
laid on adequate preheating of the parts to be joined, complete 
penetration of the joint, correct alignment of the damaged parts, 
and the avoidance of residual welding stresses. 

Direct Measurement of Contraction of Butt Welds. O. M. 
Harrelson and 8. B. Slack. (Journal of the American Welding 
Society, 1935, vol. 14, Aug., pp. 21-22). Particulars are given 
of apparatus for the direct measurement of contraction in butt 
welds, and the results are presented of tests carried out. 

A Study of Porosity in Metallic Arc Welding under Specific 
Conditions. J. S. Johnson. (Journal of the American Welding 
Society, 1935, vol. 14, July, pp. 10-14). When a seam is welded 
in one pass, using a copper backing bar, porosity is often experi- 
enced ; this cannot be attributed to the welding rod, speed of 
travel, &c., since if penetration is not complete no porosity is 
evident. From theoretical considerations it seems likely that 
carbon monoxide is responsible for the blow-holes ; the chilling 
effect of the backing bar allows the carbon monoxide from the 
metallic arc, or from oxides present on the plates being welded, 
to be trapped in the weld metal as it freezes. Welding experiments 
were performed, using standard conditions, but varying backing 
bars, such as copper, Nevastain, and refractory brick. Rapid 
chilling itself was not found to be responsible for the porosity, as 
revealed by X-rays. However, when rust was carefully removed 
from the back of the plates completely sound welds were obtained. 
Hence it is concluded that the unsoundness is due to the reaction 
between the carbon in the steel and the oxygen in the scale on the 
lower side of the plates. 

Steel Tubes for Aircraft Construction and their Welded Joints. 
W. Hoffmann. (Zeitschrift des Vereines deutscher Ingenieure, 
1935, vol. 79, Sept. 21, pp. 1145-1148). The author first deals 
with the development of the steels used in aircraft construction 
and their mechanical properties, and then discusses the occurrence 
in them of cracks near welds where the metal has been under the 
influence of the heat of the welding operation. 

Weld Metal and Rolled Steel, How do they work together? 
R. Jensen. (Welding Industry, 1935, vol. 3, Sept., pp. 277-281). 
Although the parent metal may be relied on to yield sufficient 
ductility when a welded plate is tested transversely, and it is 
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sufficient that the weld should have a higher yield point than the 
plate, to meet the longitudinal stresses, however, it is desirable 
that the weld metal should have similar characteristics to those 
of the plate. With this in view the author compares the strength 
properties of various qualities of weld metal with ship-quality 
plate, and especially the stress-strain diagram. The ratio between 
the yield point and the tensile strength was found to be higher 
for weld metal than for rolled steel, hence it is suggested that the 
properties of weld metal and plate material most nearly correspond 
when the former possesses the same tensile strength as the latter. 

The Penetration of Molten White Metals into Stressed Steels. 
W. E. Goodrich. (Iron and Steel Institute, Sept., 1935: this 
Journal, p. 43). 

Cutting Structural Steel. J. H. Zimmerman. (Mechanical 
Engineering, 1935, vol. 57, July, pp. 423-427). The purpose of 
the investigation carried out by the author was to determine the 
effects of the various methods of cutting structural steel on the 
properties of the metal adjacent to the surface. These methods 
were: Machining, shearing, friction sawing, hand flame-cutting, 
and machine flame-cutting. The results of hardness, impact and 
cold bend tests are reproduced, together with microstructures of 
the cut surfaces. Flame-cutting appears to be superior to shearing 
or friction sawing, the toughness being unaffected or even im- 
proved, and the hardness and microstructure being less seriously 
disturbed. 

Steel Bars and Channels are Cut with Oxy-acetylene Flame on 
New Machine. (Steel, 1935, vol. 97, Sept. 9, p.47). A flame- 
cutting machine which is capable of cutting, longitudinally, 
bars and sections up to 50 ft. long, is described. A special feature 
of the appliance is its self-contained carriage; the oxygen and 
acetylene cylinders are suspended from the carriage, and move 
with it, thus obviating the necessity for long tubes. 





MISCELLANEOUS. 


Light Steel Bottles for Gaseous Motor Fuels. W. Jamm and 
K. Walter. (Zeitschrift des Vereines deutscher Ingenieure, 1935, 
vol. 79, June 22, pp. 779-785). The authors first describe types 
of containers suitable for the reception of gaseous fuels for the 
propulsion of automobiles, and then give a short account of 
the various methods of manufacture and the steels used. For 
liquefiable gases weldless and fusion-welded bottles can be used, 
but for highly compressed gases only weldless containers come 
into consideration. For economic reasons it is essential that the 
ratio of the weight of the bottles to that of their contents shall 
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be as low as possible compatible with safety. The development 
of these bottles in England has led to their production in medium- 
alloy nickel-chromium-molybdenum steels. In Germany it has 
been found possible to improve considerably the properties of a 
low-alloy nickel-chromium-molybdenum steel (sum of the three 
alloying elements not exceeding 1-5 per cent.) ; comparison with 
the English steels shows the properties to be equally good, despite 
the lower alloy content. Tests on bottles taken from regular 
production demonstrate their high quality. 

Norbide (B,C)—A New Abrasive. (Iron and Coal Trades 
Review, 1935, vol. 131, July 12, p. 54). This material (boron 
carbide, B,C) is said to be second only to the diamond in hardness. 
It consists of 99 per cent. pure boron and carbon, and by means 
of great pressure and heat may be moulded successfully without 
binding cements. The analysis is: Total boron 78-22, silicon 
0-01, iron 0-14, total carbon 21-0, undetermined 0-63 per cent. 
It is inert towards chemical media and resistant to oxidation. 
Norbide is manufactured from carbon (as coke) and boric acid. 
The latter is heated to render it anhydrous, and the materials 
are fused in an electric resistance furnace at 2,660° C. ; crystalline 
boron carbide results. In powdered form it finds use as an abra- 
sive; in the moulded form it resists abrasion very well, and 
may be used for sand-blast nozzles, extruding dies, &c. 

Metal Cleaning by Tumbling and Burnishing. N. Ransohoff. 
(Metal Progress, 1935, vol. 28, Sept., pp. 57-60, 76). The types 
of machine used for tumbling and cleaning metal parts are 
described. Cleaning machines are used for washing the dirt off— 
a process which is accomplished by immersion in a detergent 
solution. Batch or continuous machines may be employed for 
this purpose. Tumbling is done in order to remove scale or sand 
from forgings or castings. Small, simple parts may be tumbled 
on themselves, but large complicated articles require the use of 
stars, or other tumbling material. Tumbling may be performed 
dry, or with the assistance of a weak cleaning solution. Tumbling 
and cleaning may sometimes be combined. The final smoothing 
of the surface is performed by burnishing. 

Measuring and Specifying Surface Finish. E. J. Abbott. 
(Journal of the Society of Automotive Engineers: Metal Treat- 
ment, 1935, vol. 1, Summer Number, pp. 92-94, 101). Some results 
obtained by the use of the Profilograph (an instrument which 
traces over the surface with a diamond point, the movements of 
which are magnified and optically recorded) are discussed. The 
irregularities so revealed are, when drawn to true scale, gently 
undulating ; but by compressing the horizontal scale the surface 
roughness may be made to appear much more pronounced. Several 
such curves—termed profilograms—are reproduced ; it is further 
shown that two kinds of irregularity may be distinguished : 
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Roughness and waviness. The author suggests a method of 
rating surfaces according to the magnitude of the peaks and valleys 
exhibited by the profilogram, and proceeds to examine some alter- 
native methods of determining and assessing surface finish. He 
considers that of these methods, visual comparison with standard 
specimens and the use of the electrical pick-up (gramophone 
needle) are the most promising ; however, they should be based 
on, and correlated with, the profilograms. 


PICKLING. 


A Modern Pickling Plant for a Tinplate Mill. ([ron and Coal 
Trades Review, 1935, vol. 130, May 31, pp. 934-935: Sheet Metal 
Industries, 1935, vol. 9, July, pp. 421-423.) The plant described 
is arranged for continuous operation ; a loop-line is used, part of 
which may be lowered in order to immerse the cradles containing 
the sheets ‘in the pickling vats. Four such vats are employed, 
one containing fresh liquor (H,SO,), one containing spent liquor, 
and the others containing washing liquor. When immersed the 
cradles are given a rocking motion. A full working cycle requires 
only 45 sec. 

The Bullard-Dunn Process for Descaling Metals. (Machinery 
(Lond.), 1935, vol. 46, July 4, pp. 426-427). In the Bullard. 
Dunn process the work is placed in the descaling bath (which 
contains sulphuric acid as the base) and made the cathode of an 
electric circuit. Hydrogen is evolved, and serves to remove the 
scale: simultaneously a protective film of a suitahle metal 
lead or tin—is deposited on the descaled surface. Work which 
is oily or greasy is subjected to electrolytic degreasing in an 
alkaline bath before treatment. The equipment required is 
similar to that used in electroplating work. The Bullard-Dunn 
process is stated to be highly effective and applicable to forgings, 
heat-treated parts, &c. 

Modern Electrolytic Pickling Processes. 0. Ungersbdéck. 
(Zeitschrift des Oesterreichischen Ingenieur und Architekten 
Vereines, 1935, vol. 87, May 17, pp. 116-117). After explaining 
very briefly the reactions at the electrodes when electric current 
is passed through them and an electrolyte into which they dip, 
the author gives a short account of electrolytic pickling without 
direct contact of the articles with the electrodes. * Tne objects 
are placed between the electrodes, and as the current follows the 
path of least resistance, practically all of it enters one side of the 
article and leaves by the other. By rotating the article the 
advantages of the reversal of polarity are obtained. The process 
is more rapid than the ordinary pickling process, and does not 
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slow down with time. The greater plant cost is compensated for 
by the lower operating costs due to the shorter time. 

A.C. Electric Pickling System Involves Use of Organic Addition 
Agent. (Steel, 1935, vol. 96, June 17, p. 55). The method 
described is known as the Ferrolite system and has been developed 
by the Ferro Enamel Corp., Cleveland, U.S.A. There is no direct 
connection between the work and the electric circuit, but the 
ionising effect of the electric current stimulates the action of the 
bath. To the normal inorganic acid bath an organic material 
(Ferrolite) is added which has a high affinity for oxides of iron. 
The ferrous sulphate is oxidised to ferric sulphate and this com- 
bines with the normal salt of gluconic acid, ferrous gluconate, 
to form ferrigluconic acid, and permits the sulphate ions to com- 
bine with the hydrogen present and form sulphuric acid. It is 
claimed that the process results in longer life of the pickling 
solution, lower acid cost, and a better finish. 

The Acid Pickling of Ferrous Materials. (Wire Industry, 
1935, vol. 2, July, pp. 245-247). The mechanism of pickling is 
briely touched on, and attention is then directed to the use of 
inhibitors. These are divided into two classes, (a) foaming, (b) 
non-foaming. The former type prevent spraying and assist in 
holding up surface scum; the latter are adopted where the use 
of a foam is considered objectionable. Both types are equally 
effective. 

The Use of Sodium Cyanide in a Neutralising Bath in Pickling 
Sheet Iron for Enameiling. E. H. Shands, G. L. Bruton and G. J. 
Grimes. (Journal of the American Ceramic Society, 1935, vol. 
18, Oct., pp. 323-324). Sodium cyanide has been found to be 
effective as a neutraliser when used in equal parts with soda ash. 
Its principal advantages are (1) lengthened life of the solution, 
(2) increased sp2ed of the neutralising reaction, (3) more thorough 
p2netration into the pores of the steel, and (4) economy in plant 
operation. 

Inhibitors. K. B. Lewis. (Wire and Wire Products, 1935, vol. 
10, June, pp. 236-237, 243). Some results obtained by foreign 
investigators in the field of wire pickling are discussed, brief 
reference being made to the effect of hydrogen and of inhibitors. 

The Prevention of Corrosion by Acids. (Chemical Age, 1935, 
vol. 33, Aug. 3, Metallurgical Section, pp. 9-10). A study is 
made of the use and effect of inhibitors during pickling. The 
part played by hydrogen during the pickling process is briefly 
referred to, and the behaviour of certain inhibitors in alkaline 
and acid solutions is shortly considered. 

Contribution oa the Diffusion of Hydrogen during the Pickling 
of Sheet Steel. H. Bablik. (Korrosion und Metallschutz, 1935, 
vol. 11, Aug., pp. 169-172). It has been found in practical 
pickling and in experimental tests that the heavy increase in the 








448 THE IRON AND STEEL INDUSTRIES. 


diffusion of hydrogen in the iron which occurs, although the 
solubility of the metal and other conditions remain unchanged, 
is due to the presence of sulphur compounds in the pickling acid. 
It therefore follows that, in order that defects due to excessive 
hydrogen diffusion may be avoided, the pickling baths must be 
kept as free from sulphuretted hydrogen as possible. 

Pickle Pitting by Electrolytic Potentials as Affected by Scaling 
Temperature. C. H. McCollam and D. L. Warrick. (American 
Society for Metals, Oct., 1935, Preprint No. 11). Pickle pitting 
of steel may be defined as a localised attack during the pickling 
operation, resulting in surface pits of various sizes and depths. 
It is frequently caused by an electrolytic couple, set up between 
the scale-free areas and scale formed above a certain critical 
temperature. This temperature varies with steels of different 
compositions. When scale is formed below the transition tem- 
perature, neither the difference in electrical potential nor the depth 
of pitting from this cause are significant. When this temperature 
is exceeded, the difference in potential, found to be approxi- 
mately 0-6 v., results in a galvanic action between the scale and 
the metal, which proceeds at the expense of the metal. The 
magnitude of the resulting pit is a function of time and current 
density. The effect of mechanical scale-breaking, electrolytic 
pickling, and pickling inhibitors on this type of pitting is discussed. 


COATING OF METALS. 


(For Corrosion of Metals, see p. 520). 


Influence of Protective Layers on the Life of Metals. IF. N. 
Speller. (American Society of Mechanical Engineers, Iron and 
Steel Division, June, 1935: Mechanical Engineering, 1935, 
vol. 57, June, pp. 355-360). The author classifies corrosion as 
atmospheric, underwater, soil, chemical, and electrolytic, according 
to the environment. He goes on to discuss the formation of 
surface films of a corrosion-resistant type, and the value of oxide 
coatings, paints and lacquers, and of coatings particularly suitable 
for underground protection. 

Metallic Coatings and Protective Media. S. Robson and P. S. 
Lewis. (Chemistry and Industry, 1935, vol. 54, June 28, pp. 
605-616). The authors consider the various types of corrosion 
relative to the surrounding medium (air, water, soil, foodstuffs), 
and the resistance which the different covering matertals offer to 
corrosive attack. They then proceed to consider the metallic 
coatings (zine, aluminium, tin, lead, cadmium and nickel) in 
further detail. Finally, metal spraying is dealt with. 

The Evolution of the Plating Bath. H. J. T. Ellingham. 
(Electrodepositors’ Technical Society, May 15, 1935: Metal 
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Industry, 1935, vol. 46, May 17, pp. 539-540). The author 
traces the history of electro-deposition, from the introduction of 
the single-cell process in the early nineteenth century up to the 
present time. He includes references to the use of external 
batteries as the source of electrical energy, to the dynamo, and, 
more particularly, to the development of the plating solution in 
the direction of cyanide and sulphate baths. 

Specifications for Cathodic Coatings. C. F. J. Francis-Carter. 
(Electrodepositors’ Technical Society, Mar. 27, 1935: Metal 
Industry, vol. 46, June 7, pp. 629-631). The author divides 
specifications for plated coatings into two types: Process speci- 
fications, and inspection specifications. In the former the pro- 
cesses used in deposition are laid down, whilst in the latter full 
choice of manufacturing methods is allowed, but certain inspection 
tests are imposed. A third type, less rigid than the first, but 
more definite than the second, is also suggested. The author 
considers that specifications involving inspection only are to be 
preferred, but remarks that the tests should be properly defined. 
He then goes on to discuss the appearance, adhesion, thickness 
and porosity of cathodic coatings such as those of nickel and 
chromium. 

Specifications for Anodic Deposits. S. Wernitk. (Electro- 
depositors’ Technical Society, Mar. 27, 1935: Metal Industry, 
1935, vol. 46, June 7, pp. 631-632). Specifications for zine and 
cadmium coatings are discussed. The author divides them into 
two classes: Process specifications, connoting rigorous control 
of the methods of deposition ; and requirements specifications, 
which are imposed by the purchaser. The importance of the 
plating procedure is stressed, and the properties which are likely 
to be specified by the purchaser are stated. They are: Appear- 
ance, thickness or weight of the deposit, uniformity, adhesion, 
and protective value. 

Protective Film on Ferrous Alloys. F. Fenwick. (Industrial and 
Engineering Chemistry, 1935, vol. 27, Sept., pp. 1095-1099). An 
electrometric test is described in which a cell is set up, one electrode 
of which is the metal under examination, the other being a suitable 
standard electrode. A chloride solution is slowly added to the 
solution in which the metal is immersed. The sudden change in 
potential which is observed marks an abrupt change, not in the 
specific ion concentration of the electrolyte, but in the character 
of the surface of the electrode. The method was applied to plain 
carbon, copper-bearing and stainless steels, the results being in 
general agreement with the known behaviour of these materials 
under conditions of atmospheric corrosion; further work on 
the method is, however, required. 

Electrolytic Deposition of Copper-Nickel-Iron Alloys. H. 
Paweck, J. Bauer and J. Dienbauer. (Zeitschrift fiir Elektro- 
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chemie, 1934, vol. 40, pp. 857-862). The authors have determined 
the conditions necessary for the deposition of copper-nickel-iron 
deposits of any desired composition, including that corresponding 
to monel metal. 

The Electrodeposition of Tin and its Alloys. Part I.—The 
Effect of Addition Agents on the Deposition of Tin from Alkaline 
Stannate Baths. L. E. Stout and A. Erspamer. (Electrochemical 
Society, 1935, Preprint No. 68-4), The main purpose of the re- 
search was to find the most suitable addition agent for tin plating 
from alkaline stannate baths. Lactic acid appears to give the 
best results, a concentration of 0-6 grm. per litre being suitable. 
Other addition agents which work quite well are malic acid, 
ethylene glycol and tartaric acid. The effect of sodium perborate, 
sodium biborate, casein, glucose, aloin, starch, triethanolamine 
and glycerine was also studied. Increasing the alkalinity of the 
bath reduces the weight of the deposit, and varying the concen- 
tration of the addition agent also has an effect on the weight. 
With some agents a certain concentration of the addition agent 
gives rise to a maximum weight of deposit, while with others a 
deposit of minimum weight forms. 

The Electrodeposition of Chromium. E. A. Ollard. (Metal 
Industry, 1935, vol. 46, May 17, pp. 541-542; vol. 47, July 26, 
pp. 89-91 ; Aug. 23, pp. 185-188). The theoretical considerations 
underlying the electrodeposition of chromium are briefly dealt 
with. Reference is made to the chromium complexes present, 
the effect of sulphate additions, and the mechanism of electrolysis. 
The presence of sulphate and fluoride ions is known to have a 
strong influence on the process of electrodeposition. The author 
advances an explanation to account for the effect of the former, 
on the basis of the formation of colloidal chromium complexes 
round the cathode. The preparation and operation of the plating 
solution is subsequently dealt with, and details covering the type 
of anodes, suspension of the work, design of jigs, auxiliary anodes, 
preliminary treatment of the work, the control of the solution, 
the estimation of conductivity and control of the sulphates are 
furnished. 

Mechanism of Chromium Deposition from the Chromic Acid 
Bath. C. Kasper. (Journal of Research of the National Bureau 
of Standards, 1935, vol. 14, June, pp. 693-709). In this paper 
evidence is presented which supports the view that the deposition 
of chromium occurs directly from the hexavalent state. Thus, 
relatively large additions of compounds of metals such as zine, 
nickel, cadmium, iron, and copper have no such effect on the 
behaviour of the chromic acid bath as would be expected if 
deposition occurred from the trivalent state. The low efficiency 
and high polarisation in chromium deposition are accounted for, 
and the possible directions for improvement are indicated. 
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Theory and Practice of Chromium Plating. N. D. Biriikoff, 
S. P. Makariewa and A. A. Timochin. (Korrosion und Metall- 
schutz, 1935, vol. 11, Aug. pp. 172-179 ; Sept. 193-201). In the 
first communication the authors record their experimental 
investigation of the oxidation and reduction processes that take 
place during the deposition of chromium from chromic acid 
solutions containing additions of sulphuric acid. In the second 
communication, they give the results of their examination of 
the influence of interruptions during the electrolysis on the 
percentage yield of metallic chromium and on the potential 
across the terminals, and the periodic variations in the rate of 
evolution of hydrogen. 

Nickel-Chromium Plating Automobile Parts. M. Yamaguchi. 
(Japan Nickel Review, 1935, vol. 3, July, pp. 405-420). The 
general procedure followed in representative nickel and chromium 
plating plants in America, England and on the Continent, is 
described. The information relates chiefly to nickel plating 
practice; the operating conditions employed in Europe and 
America are summarised. 

Cadmium as a Means of Corrosion Protection. L. Nernst. 
(Zeitschrift des Vereines deutscher Ingenicure, 1935, vol. 79, 
July 27, pp. 920-922). The properties of cadmium, methods of 
using it, and the results of corrosion tests on it are discussed on 
the basis of the literature of the subject. The electrolytic 
production of zinc in Germany seems likely to provide large 
quantities of this metal as a by-product. 

The Testing of Electrodeposited Coatings. L. C. Bannister. 
(Electrodepositors’ Technical Society, Mar. 27, 1935: Metal 
Industry, vol. 46, June 28, pp. 701-703). <A selection of 
representative methods of examining electrodeposits is outlined. 
The tests include examination for appearance, composition and 
thickness, and for physical properties such as adherence, hardness 
and corrosion resistance. In conclusion, it is suggested that the 
tests applied to electrodeposits should depend on the service 
which the article is required to give, and that the tests should, 
if possible, be reproducible. 

The Measurement of the Thickness of Corrosion-Protective 
Coatings. E. Reitler. (Réhrenindustrie, 1935, vol. 28, July 11, 
pp. 73-74). (See E. Schweitzer and S. Kiesskalt, Journ. I.andS.1., 
1934, No. I. p. 540). 

Zinc Ammonium Chloride. Its Place in Modern Gal- 
vanising. H. G. Hobbs. (Iron Age, 1935, vol. 135, May 23, 
pp. 10-13, 84-90 ; June 13, pp. 22-27, 90; July 18, pp. 18-21, 
92, 94). The early history of galvanising is traced, and the first 
records of the use of fluxes—such as hydrochloric acid and sal 
ammoniac—are given. Certain chemical considerations relative 
to the fluxing action are discussed. In the concluding article 
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in this series the author surveys the merits and demerits of zinc 
ammonium chloride as a flux in the galvanising of pipeg, wire, 
and hollow-ware. He contends that zinc ammonium chloride is 
superior to other fluxes in the coating of pipes and of nails, but 
that there is no net gain when galvanising wire. Pails, buckets, 
drums and other fabricated articles may be successfully fluxed 
with zinc ammonium chloride if sufficient attention is paid to the 
proper degreasing, pickling, rinsing and draining of these products. 

Fluxes for Galvanising. W. G. Imhoff. (American Metal 
Market : Sheet Metal Industries, 1935, vol. 9, Aug., p. 513). Hot- 
dip galvanising may be carried out with a molten flux all over the 
bath, a molten flux over part of the bath, or no molten flux on 
the bath at all. The conditions under which each type of flux 
covering.is used are indicated. 

Submersion Time versus Quality of Hot-Dip Zinc Coat- 
ings. W. G. Imhoff. (Iron Age, 1935, vol. 135, June 6, pp. 
16-17, 124, 126, 128). In the process of galvanising, a large number 
of variables play a part, of which the period of immersion in the 
molten zinc is one. If all the other factors are kept constant the 
immersion time is found to influence the following : The spangle 
effect ; the finish of non-spangled coatings ; the thickness of the 
coating ; the iron content of the coating ; its weight, smoothness, 
lustre, and adherence ; and the bending qualities of the product. 
Prolonged contact with the bath of molten zinc tends to destroy 
the spangle effect, and ultimately to roughen the surface; the 
coating also becomes thicker. A long immersion period increases 
the iron content of the zinc coating and makes it brittle; the 
longer the immersion time the poorer the lustre and adherence 
of the zine coating. On the other hand, short immersion times 
produce a coating which is well spangled, smooth, thin, lustrous, 
highly adherent and free from excessive iron and brittleness. 

Residuum Losses in Galvanising. W. H. Spowers, jun. 
(Industrial Heating, 1935, vol. 2, May, pp. 239-243). Thesources 
of dross losses in galvanising are indicated. These losses are 
shown to be mainly due to improper containers, active fluxes, 
improper firing and oxide losses. It is suggested that in most 
cases high residuum losses could be greatly reduced. 

Detection of Porosity in Zinc Coatings on Steel. G. Garre. 
(Archiv fiir das Eisenhiittenwesen, 1935, vol. 9, Aug., pp. 91-94). 
After touching on various methods of detecting porosity in zinc 
coatings on steel, the author gives details of a development of 
the electrolytic method. In this, the specimen is matle the anode 
in an electrolytic cell containing an aqueous solution of potassium 
ferrocyanide (not ferricyanide) to which is added some magnesium 
sulphate to improve the conductivity : 

Potassium ferrocyanide . 20 grm. 


Magnesium sulphate ee ee 
Water . 5 . 500 grm. 
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This solution attacks the zinc less than any other. Porosity is 
revealed by a blue coloration or deposit. Current is supplied by 
a 4-v. accumulator. Gas is evolved from both the anode and 
cathode (platinum for preference) as soon as current is passed 
if porosity or exposed iron exists, but the evolution on both 
electrodes stops as soon as the iron is completely coated with the 
blue deposit. 

Hot-Dipped Tin Coatings. E. J. Daniels. (Transactions 
of the Faraday Society, 1935 : Sheet Metal Industries, 1935, vol. 9, 
July, pp. 425-428). The author suggests that the nature of the 
interfacial alloys may affect the formation and structure of hot- 
dipped tin coatings, and discusses the CuSn type of coating 
known to exist on tinned copper. Fluxing and the process of 
solidification are next dealt with, and attention is given to rippling 
and spangling. 

Factors Influencing the Formation and Structure of Hot- 
Dipped Tin Coatings. E. J. Daniels. (Technical Publications 
of the International Tin Research Development Council, 1935, 
Series A, No. 17). Existing theories concerning the factors in- 
volved in the formation of hot-dipped coatings are reviewed, with 
particular reference to surface tension as a prime cause of wetting 
and adhesion. It is considered that the tendency to form a solid 
solution or an intermetallic compound is an operative factor. 
Attention is directed to the interfacial alloy which is produced 
and the effect of alloy additions to the tin. The fluxing process is 
discussed and it is pointed out that the flux should be molten at 
the working temperature. Rippling, and the general quality of 
the tin coating, are found to be related to the composition of the 
tin bath and the temperature of dipping. 

Improvement in the Quality of Tinplate by Superimposed 
Electrodeposition of Tin. A. W. Hothersall and W. N. Brad- 
shaw. (Chemistry and Industry, 1935, vol. 54, Sept. 20, pp. 
3207-3267). An examination of the effect of electrodeposited 
tin coatings on the porosity of tinplate revealed that thin electro- 
deposited coatings diminish and thicker coatings eliminate 
porosity, provided the process is carried out in an alkaline bath. 
The following conditions were found to favour maximum reduc- 
tion of porosity: (1) Efficient cleaning prior to plating; (2) a 
low current density during deposition. The plating bath was a 
sodium stannate solution containing sodium hydroxide. 

Black Spots on Tin and Tinned Ware. S. Brennert. (Technical 
Publications of the International Tin Research and Development 
Council, 1935, Series D, No. 2). The so-called “ black spots ” 
sometimes noted on tin, and especially on tinned material, are 
due to an electrochemical corrosion process. On a free tin surface 
the formation of black spots does not begin until a certain potential 
against the solution (the ‘‘ dissolution potential”’) is reached, 
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the value of which varies with the composition of the solution. 
The black spots can continue to grow, however, especially in very 
dilute solutions, at potentials less noble than the dissolution 
potential. The single potential of a freshly polished tin surface 
and that of a newly tinned surface generally represent values 
less noble than the dissolution potential; but, through the 
further growth of the air-formed film on the surface of the tin 
in neutral or nearly neutral solutions (e.g. sodium chloride solutions 
and milk), the potential may rise above the dissolution potential. 
At “ weak points ”’ of this film the tin can then corrode and black 
spots are produced. The black spots consist mainly of stannous 
oxide. The formation of black spots can be prevented by keeping 
the tin in contact with a less noble metal (e.g. zinc or aluminium), 
thus ensuring that the potential is kept below the dissolution 
potential. 

The Use of Sodium Sulphite as an Addition to Alkaline 
Detergents for Tinned Ware. R. Kerr. (Chemistry and Industry, 
1935, vol. 54, July 5, pp. 2177-221T). Experiments carried out 
on the corrosion of tin and of tinned copper in hot sodium 
carbonate and sodium hydroxide solutions revealed that the 
severity of the attack depends largely on the concentration of 
dissolved oxygen. The effect of various reducing agents was 
investigated, and, of those tested, sodium sulphite was found 
to be the most promising. If it is added to the alkaline cleaning 
solution the rate of attack may be reduced to nearly one-tenth. 
A ratio of 1 part of sodium sulphite to 10 parts of sodium carbonate 
or 4 parts of caustic soda is recommended. The sulphite appears 
to have the effect of removing the dissolved oxygen from the 
solution. The oxidation product, sodium sulphate, is harmless, 
while the sulphite has the advantages of being inexpensive, 
relatively stable in the solid state, and readily soluble in water 
or in alkaline solutions. 

Examination of the Surface of Tinplate by an Optical 
Method. W. E. Hoare and B. Chalmers. (Iron and Steel In- 
stitute, Sept., 1935: this Journal, p. 135). 

Coating Strip with Copper Lead for Ford Rod Bearings. (Iron 
Age, 1935, vol. 136, Aug. 8, pp. 26, 47). The Ford Motor Co., 
uses copper-lead for the connecting rod bearings of Ford motor 
car engines. Steel strip is passed down through a bath of molten 
metal having the following analysis : Lead 30 to 35, copper 63 to 
68, iron 0-50 (max.), nickel 1 to 1-5 per cent. It emerges at 
the base of the coating furnace through a water-cooled graphite 
die which causes the steel strip to be uniformly coated with the 
copper-lead mixture. It is then cut to length and formed into 
semi-circles for the bearings. 

Ford Granodizes Lamp Shells as Protection against Rust. B. 
Finney. (Iron Age, 1935, vol. 136, July 11, pp. 33-34). In the 
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electro-granodizing process a protective film, 0-0005 in. thick, 
of crystalline zinc phosphate, is deposited on the lamp shells. 
The latter are placed in the plating bath fed by a “ granodizer ” 
from an a.c. supply at a current density of 35-40 amp. per sq. ft. 
The time of immersion is 44 min., at a temperature of 150° F. 
(The composition of the granodizing bath is not given.) After 
the granodizing treatment the shells are ready for enamelling. 
Granodizing is stated to render the articles highly rust-resistant. 

A New Method for Improving the Surface of Castings. A. 
Karsten. (Giesserei, 1935, vol. 22, Aug. 16, pp. 411-412). After 
indicating the advantages and weaknesses of layer welding as 
_a means of giving wear-, heat- or acid-resisting surfaces to cheap 
materials, the author refers to a new electric metal-spraying 
pistol, by means of which special alloy steels can be sprayed by 
the Schoop process. 

The Hardness of Sprayed Metal Coatings. Kessner and 
T. Everts. (Zeitschrift fiir Metallkunde, 1935, vol. 27, May, pp. 
104-107). The authors describe tests made with carbon steel, V2A 
steel and non-ferrous wires to determine the influence of various 
factors in spray-coating these metals by the Schoop process. In- 
creasing the temperature of the basis metal lowers the Brinell 
hardness of a steel coating ; above 200° no further change occurs ; 
the structure of the metal is extremely spongy. Increasing the 
distance between the “ pistol’ and the work raises the scratch 
hardness of a steel coating, owing to the increased oxide content ; 
the hardness and oxide content increase with neutral and oxidising 
flames and high air pressure in the pistol. The particles of V2A 
steel scarcely oxidise during their flight, but with a longer path of 
travel they are less violently quenched and produce a softer layer. 
If the pressure of the gas in the pistol is raised the particles become 
hotter ; they are then quenched from a higher temperature, and 
so become harder. Further, as the particles on impact are more 
plastic and bind together better, the layer is less porous, and this 
influences the Brinell hardness. For steel the scratch hardness is 
greatest with high air pressures ; much oxide forms in spite of a re- 
ducing flame. A reducing flame always produces a beautiful evenly 
rough and lustrous coating, without visible oxide. At high air 
pressures the oxide content rises, owing to the turbulence of the 
stream ; the particles are more violently quenched and are ham- 
mered on to one another more powerfully, so that the porosity is 
lessened. For these reasons the scratch and Brinell hardnesses 
increase. Slow propulsion of the wire in the pistol increases the 
oxide content, as the wire melts deep down in the nozzle and the 
particlés remain longer in the flame ; in steel coatings so produced, 
oxide nests may even form. The thick oxide coating produced 
under this condition heat-insulates the particles and prevents 
them from quenching, so that, despite the high oxide content, the 
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hardness of the layer decreases. The time interval allowed to 
elapse between the application of successive layers also affects the 
hardness. In conclusion, a brief tabular statement indicates the 
optimum conditions of spraying for the production of the hardest 
possible layers of steel, V2A steel and some non-ferrous metals. 

A Study of Furnace Atmospheres and Temperature Gradients 
and Their Effect on Porcelain Enamelling. H. E. Ebright, G. H. 
McIntyre and J. T. Irwin. (Journal of the American Ceramic 
Society, 1935, vol. 18, Oct. pp. 297 -302). 

Cast Iron for Vitreous Enamelling. J. W. Gardom. (Institute 
of Vitreous Enamellers: Foundry Trade Journal, 1935, vol. 52, 
July 13, pp. 399). The author considers some of the factors 
upon which depends the suitability of cast iron used for vitreous 
enamelling. He draws the following conclusions: (1) That the 
surface should be smooth and free from blemishes; (2) that the 
casting should be sound; (3) that occluded gases should be re- 
moved ; (4) that the structure should be stable, i.e., composed of 
graphite and ferrite produced by annealing an iron of suitable 
composition ; (5) that the silicon content should be sufficiently 
high to avoid the possibility of graphite entering into solution 
in the iron at the enamelling temperature; and (6) that the 
graphite should be in as fine a state of division as possible. 

Common Defects in the Vitreous Enamelling of Cast Iron, 
Sheet Iron and C.R.C.A. Steel. C. P. Stone. (Institute of Vitreous 
Enamellers, Sept. 27-29, 1935; Foundry Trade Journal, 1935, 
vol. 53, Oct.3, pp. 253-255). Attention is given to the preparation 
of the sheets, the ground coat dipping, first firing, enamel spraying, 
firing and inspection, and to the same processes when applied to 
the enamelling of cast iron by the wet method. 

A Study of Certain Factors Affecting the Proper Firing of 
Porcelain Enamel on Steel or Iron. H. E. Ebright and G. H. 
McIntyre. (Industrial Heating, 1935, vol.2, June, pp. 293-298). 
The results of a series of tests extending over a period of several 
years are presented. A gas sampling apparatus for obtaining the 
composition of the air from the furnace muffle was used, and 
the figures obtained under a variety of weather conditions, and 
of furnace operation, are reproduced. These results are examined, 
and it is shown that atmospheric and thermal conditions 
have a marked influence on the quality of the enamel produced. 
Enamel defects such as scumming, blistering and particularly 
copperheading may be frequently attributed to contaminated 
atmospheres or incorrect temperature conditions. ‘ 

The Use of a Nickel Dip in Enamelling Practice. J. E. 
Hansen and J. T. Irwin. (Journal of the American Ceramic 
Society, 1935, vol. 18, Aug., pp. 225-229). Thecompositions of 
various nickel salt solutions now being used in enamelling practice 
are given, with reasons for their use. The advantages to be gained 
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by employing these solutions are: Better adherence of enamel to 
the metal, decreased fishscaling, and control of copper-heading 
conditions. Methods for the control of the pH value and for the 
analysis of solutions are furnished. 

Mechanics of Enamel Adherence. XI.—Application of the 
Theory of Dendritic Adherence to the Development of White 
Ground Coats for Sheet Steel. W. L. Housley and R. M. King. 
(Journal of the American Ceramic Society, 1935, vol. 18, Oct., 
pp. 319-320). 

Investigation of Some Physical Factors Affecting the Draining 
Qualities of Ground-Coat Enamels. W. N. Noble and G. S. 
Lindsey. (Journal of the American Ceramic Society, 1935, vol. 
18, Oct., pp. 308-314). 

The Fineness Distribution of Vitreous Enamel as Affected by 
Variations in Grinding. E. P. Poste. (Journal of the American 
Ceramic Society, 1935, vol. 18, Oct., pp. 303-305). 

Opacity Development in Cover Enamels for Sheet Steel. J. D. 
Tetrick. (Journal of the American Ceramic Society, 1935, vol. 18, 
Oct., pp. 314-318). The results of a study of opacity development 
in cover enamels for sheet steel are given, and the effects of firing 
time, firing temperature, gauge of base metal and of some opacifiers 
are discussed. 

Antimony Compounds as Substitutes for Tin Oxide as the 
White Colouring Agent of Enamel, and the Examination of 
Antimony-Bearing Enamels from the Hygienic Point of View. 
K. Beck. (Korrosion und Metallschutz, 1935, vol. 11, June, 
pp. 132-133). 

Note on the Relation between Cobalt and Nickel-Oxide Content 
and Reboiling of Sheet-Steel Ground Coats. J. M. Cayford and 
R. M. King. (Journal of the American Ceramic Society, 1935, 
vol. 18, July, p. 224). Varying amounts of cobalt and nickel 
oxides were added to a selected enamel, and the duration and 
persistence of reboiling were determined. The oxides were 
found to exert a definite influence on the reboiling phenomenon. 

Copperheads or Iron Oxide Defects in Porcelain Enamel. 
J. J. Canfield. (Iron Age, 1935, vol. 136, Aug. 15, pp. 30-34). 
Copperheads in porcelain enamel may be attributed to the presence 
of local spots of iron oxide. A section of an enamelled plate in 
the underfired state reveals the presence of a layer of undissolved 
iron oxide at the junction between the enamel and the metal. 
As the firing proceeds the enamel fuses and the iron oxide layer 
is absorbed by the enamel. During this stage bubbles form, 
increasing in size with the duration of firing. Experiments carried 
out on melts of enamel containing iron oxide show that excess 
iron oxide tends to separate in the crystalline form. These 
crystals have been identified in copperhead structures, and are 
frequently, though not always, associated with copperheading. 
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This defect may be due to a variety of causes, such as inadequate 
cleaning, a thin enamel coat, improper drying or heating rates, 
and so on. 

Asphalt Pipe Coating Tanks Heated by Tubular Electric 
Immersion Units. (Steel, 1935, vol. 97, Aug. 5, pp. 52-53). For 
the purpose of satisfactorily coating large pipes with asphalt a 
tubular immersion heater has been devised. The heater is in 
three sections, thus enabling independent temperature control to 
be maintained. The tank containing the asphalt is insulated to 
reduce radiation losses. 

Some Notes on Heat-Resisting Rust-Preventing Paints. F. J. 
Peters. (Korrosion und Metallschutz, 1935, vol. 11, Aug., pp. 
179-183). The author first discusses the difficulty of finding 
suitable media for paints for use at temperatures up to, say, 
400°C.; heat resistance and rust protection demand two 
contradictory properties, namely, thinness and oil-richness. He 
then touches on the colouring matters employed, and goes on 
to deal with the behaviour of paints such as aluminium-bronze 
and zinc-dust paints. He points out that heat-resistant paints 
should never be applied by spraying. 
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PROPERTIES AND TESTS OF CAST IRON. 


A New Machine for Testing Cast Iron. (Iron and Steel Industry, 
1935, vol. 8, Sept., pp. 462-463). The machine is designed to 
deal with test bars comparable in diameter to the thickness of 
the castings under test. Bars up to 10mm. in diam. may be 
tested under a bending load, the stress being applied by a shot- 
weighted lever. The machine is suitable for testing light castings 
(such as stove, household and sanitary goods) in which the wall 
thickness of the article is approximately the same as that of the 
specimen—i.e., between 2-5 and 10 mm. in diameter. 

Test-Bars. R.S. MacPherran. (Transactions of the American 
Foundrymen’s Association, 1934, vol. 42, pp. 476—484). A brief 
review of the present state of test-bars for the testing of cast iron. 

Relationships in Cast Iron Test Results. G. L. Harbach. 
(Institute of British Foundrymen, July 2 to 5, 1935: Foundry 
Trade Journal, 1935, vol. 53, July 25, pp. 61-63, 72; Aug. 1, 
pp. 85-87). It is pointed out that the most common test applied 
to cast iron is the transverse test. However, for engineering 
purposes it is desirable to estimate the tensile strength, and this 
may be done if a relation between the transverse and tensile 
strengths is established. The factors which determine this 
relation are discussed ; they include the size, surface finish (whether 
machined or as-cast) and grade of iron. In the light of experiments 
carried out by the author, it is concluded that the ratio between 
the transverse modulus of rupture and the tensile strength falls 
with increasing strength, from 2-3 at 10 tons per sq. in. tensile 
strength to 1-6 or less at over 20 tons tensile strength. The 
ratio is not constant within closer limits than + 8 per cent., 
except when the iron is produced under closely controlled 
conditions. Machined bars give higher ratios than bars in the 
as-cast condition. In the case of test bars cast on end no great 
difference in the strengths of the top and bottom of the bars was 
found. Variation in span appears to have a greater effect, the 
average results of transverse tests being highest when the span 
is shortest. Tests on bars with different cross-sections revealed 
that l-in. x 1-in. bars were stronger than 2-in. x 1-in. bars. 
while bars of 1-2 in. diam. were also superior in this respect. 
In order to determine the influence of sectional area, test bars 
of various diameters were cast and examined. The results show 
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that although increasing section leads to loss in strength, there 
is less relative loss with high strength irons; for example, the 
material at the centre of a thick bar was found to retain 86 per 
cent. of the tensile strength of the original bar. The author’s , 
statements are supported by curves and tables relating to the 
investigations which were carried out. 

Grey Cast Iron. J. W. Bolton. (Foundry, 1935, vol. 63, 
Apr., pp. 18-21, 48, 50, 53; May, pp. 27-30, 66; June, pp. 
22-23, 78; July, pp. 21-23, 48, 50; Aug., pp. 38-39, 80; 
Sept., pp. 32-33, 84, 86). The metallurgical and metallographical 
characteristics of grey iron and of the constitutents contained 
therein are described in a general way, and illustrated by micro- 
graphs. 

Yielding of Cast Iron as seen during the Bending Test. S. 
Ikeda and K. Okamura. (Transactions of the Society of 
Mechanical Engineers, Japan, 1935, vol. 1, May, pp. s27-s28). 
The authors analyse the results obtained by subjecting cast iron 
to a bend test, during which the fibre strains were measured. 
They show that yielding comparable to that exhibited by mild 
steels occurs. 

The Notch-Sensitivity of Cast Iron under Impact Stressing. 
E. von Rajakovics. (Giesserei, 1935, vol. 22, Sept. 13, pp. 458- 
459). The author discusses the lack of agreement in the results 
of various investigators’ determinations of the influence of a 
notch on the specific energy of impact of specimens of cast iron, 
and describes his own experiments made in an attempt to elucidate 
the matter. He concludes that while cast iron appears in general 
to be insensitive to notch action under tensile alternating stresses, 
yet under impact stresses it has a not inconsiderable notch- 
sensitivity. 

Impact Resistance and Other Physical Properties of Alloy 
Grey Cast Irons. G. P. Phillips. (American Foundrymen’s 
Association, Aug., 1935, Preprint No. 1). To determine the impact 
resistance of alloy cast irons, samples from 38 cupola heats and 
20 electric furnace heats were tested. The alloy additions used 
were chromium, molybdenum, nickel, copper and titanium. Ten 
heats of the electric furnace irons were heat-treated. The effects 
of the alloying elements on the physical properties are compared 
and discussed. The results indicate that, in the case of irons 
cast grey, and omitting austenitic iron, fairly high-carbon nickel- 
molybdenum irons that may contain some chromium have good 
impact-resisting properties. The highest impact resistance was 
obtained on irons that were cast white and converted to grey 
irons by annealing. Austenitic irons of low hardness have high 
impact resistance. Transverse resilience correlates fairly closely 
with impact resistance, and apparently the single-blow impact 
test made on machined bars correlates with the transverse 
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resilience more closely than does the repeated drop test on 
unmachined bars. 

The Work of Rupture and the Mechanical Strength of Grey 
CastIron. J.N. Alcacer. (Transactions of the American Foundry- 
men’s Association, 1934, vol. 42, pp. 655-671). 

The Influence of Prestressing on the Strength Properties of 
Cast Iron. A. Leon and A. Slattenschek. (Giesserei, 1935, vol. 

2, July 19, pp. 353-357). The authors have determined the 
influence of a previous application of stress (tension, compression 
or torsion) on the mechanical properties of cast iron. A com- 
pressive stress approaching the compressive strength, applied 
in the direction of pulling, decreased the tensile strength obtained 
by about 9 per cent.; the elastic modulus in tension, related 
to the total deformation, decreases by about 38 per cent. In 
the compression test the volume of the specimen increases ; 
prestressing in compression or in tension causes a reduction of 
this expansion, and in the case of the iron tested the effects were 
equal. When specimens were prestressed in compression followed 
by tension, the resulting decrease of the expansion in the sub- 
sequent compression test was equal to the sum of the decreases 
caused by compression alone and by tension alone. A compressive 
prestress augments the effect of tensile prestressing on the density 
of cast iron. Prestressing had not much effect on the compressive 
strength. Storage of the specimens between prestressing and 
subsequent testing reduced considerably the influence of tensile 
or torsional prestressing on the compressive strength. The angle 
of fracture in the compression test was not noticeably altered 
by compressive or tensile prestressing, and compressive pre- 
stressing was also without influence on the angle of fracture in 
the tensile test. Hence the ratio of the true compressive strength 
to the true tensile strength is not practically affected by either 
compressive or tensile prestressing. 

The Mechanical Properties of Cast Iron at High Temperatures. 
R. Bertschinger and E. Piwowarsky. (Giesserei, 1935, vol. 22, 
July 5, pp. 325-333). After reviewing the literature of the subject, 
the authors give an account of their experiments, in which the 
bend strength, compressive strength and Brinell hardness at 
raised temperatures were determined on a number of 
approximately eutectic grey cast irons with varying silicon and 
high carbon contents (and relatively unfavourable graphite 
development) and the smallest possible amounts of phosphorus, 
sulphur and manganese. The silicon contents varied from 0-5 
to 3 per cent., the casting temperature was 1,350° C., the mould 
temperature was 150°, and the testing temperature ranged from 
20° to 560°C. The occurrence of a minimum in the strength 
values between room temperature and 400° was not connected 
with the casting stresses. In the rapid tests described, a sharp 
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fall in the strength set in between 380° and 420°. In the range 
examined, no specific influence of the silicon on the hot strength 
could be observed. Coarse graphite apparently depreciated the 
hot strength ; the finer the graphite, the higher were the absolute 
strength values, even at 500°. At 550° the bend strength and com- 
pressive strength fell to half their values at room temperature. 
In the temperature range 20° to 350°, the elastic modulus behaved 
erratically ; in tests on one part of the material it fell steadily, 
while in the other part it developed a maximum at 100°-150°. 
Coarse graphite reduces the elastic modulus to values of 
3,000-4,000 kg. per sq. mm. 

Austenitic Grain-Size in Cast Iron. D. W. Murphy and W. P. 
Wood. (American Society for Metals, Oct., 1935, Preprint 
No. 15). Evidence is presented which shows that the properties 
of grey cast iron are greatly affected by variations in the austenitic 
grain-size of the material. Increasing the austenitic grain-size 
improves the as-cast strength and hardness. It is shown that the 
hardenability of grey cast iron increases with increasing austenitic 
* grain-size and that the effects of grain-size on the strength and 
hardness may possibly be due to the effect of grain-size on the 
hardenability. The importance of the question of hardenability 
in grey cast iron, particularly with the greater application of 
heat-treating, is discussed. 

Thermal Expansion Characteristics of Some Nickel Cast Irons. 
T. J. Wood. (Transactions of the American Society for Metals, 
1935, vol. 23, June, pp. 455-468). The author has investigated 
the thermal expansion of a series of cast irons ranging in nickel 
content from 0 to 70 per cent. In the ferritic cast irons, limitations 
in the nature of less resistance to heat and corrosion narrow the 
applicability of these irons to fairly low temperature ranges and 
to mildly corrosive conditions. One exception in this group is 
the 4-5 per cent nickel, 1-5 per cent chromium white cast iron, 
which has remarkable heat-resistant properties. The non- 
magnetic austenitic cast irons have high expansion characteristics, 
and in order to obtain equivalent resistance to heat and corrosion 
with lower expansivities the nickel content should be within the 
range 27 to 45 per cent. The lowest expansion rates of any of 
the irons investigated were obtained in the range 34-35 per 
cent. nickel. The substitution of nickel plus copper (in the 
Monel ratio) for an equivalent amount of nickel in cast iron 
produces expansion rates comparable to those of the straight 
nickel alloys with 15 and 20 per cent., but at higher ranges the 
expansivities are of a higher order than those of the corresponding 
copper-free cast irons. 

The Wear Resistance of White Cast Iron. O. W. Ellis, J. R. 
Gordon and G. 8. Farnham. (American Foundrymen’s Associa- 
tion, Aug., 1935, Preprint No. 4). Tests were carried out in a 




















PHYSICAL AND CHEMICAL PROPERTIES. 463 


ball mill on white cast iron balls of 1-in. diameter, using silicon 
carbide as the grinding medium. The results show that the 
higher the carbon content or, more generally, the lower the 
primaustenoid content of white cast iron, the less consistent are 
the results of the wear tests. The higher the carbon content of 
white cast iron, other things being equal, the lower is its wear 
resistance under the condition of the test described. Variations 
in the manganese content up to about 1 per cent. are practically 
without effect upon the wear resistance, and no benefits accrue 
from adding up to 6 per cent. of manganese to white cast iron 
containing ledeburite. An increase of silicon from about 0-75 
per cent. to about 1-5 per cent. has little or no effect on the wear 
resistance of white cast iron but results in a remarkable increase 
in that of mottled iron. It is suggested that this increase in 
wear resistance is due to the solution in austenite, at the stable 
eutectic temperature, of silicon which is made available as a 
result of the dissociation of eutectic iron carbide and the consequent 
formation of graphite, but which would have been retained in 
solid solution in the eutectic iron carbide if metastability were 
established. Sulphur was found to be deleterious in its effect on 
the wear resistance of white cast iron. 

A Study of the Machining Problem with Particular Reference 
to Cast Iron. H. H. Beeny. (International Foundry Congress, 
Brussels, 1935: Foundry Trade Journal, 1935, vol. 53, Sept. 26, 
pp. 227-231). The author discusses the metallurgical aspects of 
machinability, particularly the effects of chemical composition, 
physical structure, static strength, Brinell hardness, ductility, 
dynamic strength (Izod value), work-hardening and frictional 
properties, and proceeds to consider the case of grey cast iron 
at greater length ; the influence of carbon, sulphur, manganese, 
silicon, and phosphorus in particular receives attention. It is 
concluded that the low tensile strength, impact resistance and 
ductility of cast-iron are largely responsible for its good machin- 
ability ; that free (graphitic) carbon facilitates machining, whilst 
combined carbon renders it more difficult ; that phosphorus im- 
proves machinability ; and that for maximum machining quality 
a low-carbon, high-silicon iron in the annealed state is the most 
suitable. 

Superheating Cupola Melted Iron. G. P. Phillips. (Foundry, 
1935, vol. 63, Aug., pp. 33-35, 72, 74). The author presents the 
results of an investigation carried out to determine the effect of 
superheating on the properties of cast iron. Three series of tests 
were made on the following cupola-melted irons: First series, 
nickel-chromium alloy—the cupola mixture contained 20 per 
cent. of steel, 37 per cent. of pig iron and 43 per cent. of scrap 
iron ; second series, containing a small amount of incidental 
nickel and chromium—the cupola mixture contained 53 per cent. 
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of pig iron and 47 per cent. of scrap iron; third series, nickel- 
chromium alloy—cupola mixture same as first series. The 
superheating was carried out in an indirect-arc, rocking electric 
furnace. The results of the tests indicate that the super- 
heating of cupola-melted, steel-mix, alloy iron, melted at high 
temperatures in the cupola, gives no particular advantage except 
that of higher temperature only. In the case of plain iron or 
very low alloy content iron, made with a pig-scrap mixture in 
the cupola, a decided improvement was obtained by superheating 
the metal. Microscopic examination of the various metals showed 
little change in graphite size and distribution in the alloy irons, 
but did show improvement in the plain pig-scrap iron of the second 
series, 

Factors Affecting the Structure and Properties of Grey Cast 
Iron. A. Di Giulio and A. E. White. (American Foundrymen’s 
Association, Aug., 1923, Preprint No. 9). The authors have 
investigated the effects of superheating and pouring temperature 
on the structure and properties of grey cast iron. The improved 
physical properties obtained through superheating and by pouring 
at the correct temperature are ascribed to a refinement of the 
graphite flakes. 

Chilling Properties of Cast Iron. W.H. Spencer. (Transactions 
of the American Foundrymen’s Assoc.ation, 1934, vol. 42, pp. 
508-524). The author has studied the chilling properties of cast 
irons using two sizes of test-bar. It was found that variations 
in chill depth due to changes in pouring temperature were very 
slight. Sand, used for ramming the chill test specimens, also 
seemed to have little or no effect on the depth of chill. The effect 
of composition on chill may be summarised as follows: Chill 
depth was increased by high sulphur or manganese, and by ladle 
additions of antimony, bismuth, brass, cadmium, cobalt, lead, 
tin and vanadium. Jt was decreased by high silicon or total 
carbon, or phosphorus contents. The ratios of silicon to total 
carbon and of manganese to sulphur were qualitatively indicated 
by the chill test. 

Influence of the Accompanying and Alloying Elements Silicon, 
Phosphorus, Nickel, Chromium, Molybdenum, Tungsten and 
Copper on the Section Susceptibility of Grey Cast Iron. E. Hugo, 
E. Piwowarsky and H. Nipper. (Giesserei, 1935, vol. 22, Aug. 
30, pp. 421-428 ; Sept. 12, pp. 452-458). The authors prepared 
a series of grey irons with various contents of the usual and also 
alloying elements and made castings in a box shape with the 
walls of different thickness ; specimens were cut from the different 
sections, their mechanical and other properties were determined, 
and the influence of the section thickness on the results obtained 
was evaluated. The representation of the absolute values of the 
strength properties, the hardness and the carbide content in 
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relation to the section thickness was carried out in the logarithmic 
manner suggested by Coyle, Jungbluth and Heller. The tests 
confirm the adverse influence of silicon and phosphorus and the 
favourable effect of nickel, particularly when it partly replaces 
the silicon. In the presence of chromium, nickel is particularly 
beneficial. In the absence of nickel the silicon, added to compen- 
sate the hardening action of chromium, must not be raised too 
much. Molybdenum has a similar effect to that of nickel, but is 
less effective in equalising the hardness. Tungsten and copper have 
a beneficial effect in regard to the influence of the section thickness, 
though it is slight. A new method of testing the shear strength 
is described, and its advantages are pointed out; the variation 
of this property within the thickness of the section is shown by 
curves. The results of the shear test confirm the influence of the 
elements revealed by the other tests. On comparison with the 
values given by the Sipp-Rudeloff and Frémont methods straight- 
line relations were obtained, demonstrating noteworthy agree- 
ment between the results obtained by the Sipp-Rudeloff and the 
present new method. Further, some relations between various 
properties of cast iron were calculated and critically evaluated. 
Finally, the results obtained with a few specially cast bars were 
compared with those given by the specimens from the box-shaped 
castings. 

The Effect of Copper in Grey and Malleable Cast Iron. A. J. N. 
Smith. (Bulletin of the British Cast Iron Research Association : 
Foundry Trade Journal, 1935, vol. 52, June 13, pp. 402-403). 
This paper constitutes a review of the literature on the above 
subject. 

The Influence of Aluminium on the Properties of Ordinary 
Cast Irons. M. Ployé. (Revue de Métallurgie, Mémoires, 1935, 
vol. 32, June, pp. 248-270; July, pp. 302-320). The author 
presents the results of a research to determine the influence of 
aluminium additions on the properties of cast iron. For quantities 
of from 0-02 to 0-25 per cent., added to cupola-melted metal, 
the fluidity increased and the chilling effect decreased ; additions 
of 0-05 per cent. were without effect on the mechanical properties 
and microstructure, but larger amounts improved the properties 
slightly and caused a slight development of graphite lamelle. 
The best way of adding the aluminium was to add it hot to the 
ladle, and stir well before casting. The effects of large additions 
(0-5 to 18 per cent.) of aluminium to ordinary cast irons melted 
in a crucible were very variable, according to the amount added 
and the analysis of the iron treated. In general, however, the 
properties all improved with up to 2 per cent. of aluminium ; above 
that figure the only features of interest were the resistance to 
shear (up to 8 per cent.), the increase of hardness (up to 15 per 
cent.), and particularly the very marked increase in resistance 


1935—ii 2a 








466 THE IRON AND STEEL INDUSTRIES. 


to corrosion in sea-water and salt spray and at high temperatures. 
With 18 per cent. of aluminium the alloys were magnetic. 
Unfortunately the high-aluminium alloys are very difficult to 
work, and the improvement in certain directions is nullified by 
the deterioration of the mechanical properties. 

The Influence of Hydrogen on Cast Iron. W. Baukloh. 
(Giesserei, 1935, vol. 22, Aug. 16, pp. 406-409). After touching 
on the importance of the subject from the practical point of view, 
the author discusses the chemical attack of hydrogen on the 
carbon contained in cast iron, the decarburisation of white and 
grey cast iron, and the influence of alloying elements on the decar- 
burisation by hydrogen; he also deals with the connection 
between decarburisation and diffusion. Lastly, he considers the 
hydrogen permeability of grey and alitised (aluminium-coated) 
cast iron, and compares it with that of steel, copper and nickel. 

The Influence of Phosphorus on the Mechanical Properties 
of Grey Cast Iron at Raised Temperatures. M. Paschke and 
F. Bischof. (Giesserei, 1935, vol. 22, Sept. 13, pp. 447-452). 
After reviewing the literature of the subject the authors describe 
their experimental arrangements for testing the influence of 
phosphorus on the mechanical properties of cast iron at raised 
temperatures, and record the tensile strength, hardness and 
notch-toughness values obtained at temperatures up to 600°C. 
and over. The influence of the phosphorus content and of the 
silicon/manganese ratio on the shapes of the tensile-strength 
and hardness curves is shown; the absolute values of the silicon 
and manganese contents also influenced the tensile-strength 
curve on account of a displacement of the whole curve to higher 
values. Despite the constancy of the test conditions no relation 
between the phosphorus content and the shape of the notch- 
toughness curve at raised temperatures could be recognised. 

Alloy Cast Irons. J. E. Hurst. (Metallurgia, 1935, vol. 12, 
May, pp. 15-18). Brief mention is made of early attempts to 
produce alloy irons, and the author goes on to enumerate the 
composition and properties of cast irons containing nickel, chro- 
mium and molybdenum additions, either singly or together. 
Alloy cast irons for hardening and tempering are next described, 
together with those suitable for nitrogen hardening. Finally, 
martensitic and austenitic cast irons, produced by higher alloy 
additions, are dealt with. 

Iamzite Cast Irons. (Iron and Steel Industry, 1935, vol. 8, 
Aug., p. 425). Iamzite cast irons are a range of alloys produced 
in the foundry of Messrs. John Williams and Sons (Cardiff), Ltd., 
East Moors, Cardiff; they include alloys suitable for resistance 
to heat, wear and corrosion ; cast irons for high duty and with 
non-magnetic properties are also supplied. 

German Progress in Piston Rings, Brake Drums and other 
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Automobile Castings. W. A. Geisler. (Institute of British 
Foundrymen: Foundry Trade Journal, 1935, vol. 53, Aug. 8, 
pp. 97-101, 104). The author compares single-cast with centri- 
fugally cast piston rings, and suggests that for high-duty alloy 
irons the centrifugal process should be used, the single casting 
method being suitable for general purposes. Of the alloying 
elements, chromium, vanadium and molybdenum appear to give 
the most satisfactory results ; they also improve the heat-resist- 
tance, or resistance to loss of tension on heating. Similarly, 
centrifugally and single-cast rings are found to be superior to 
ordinary bushed cast rings in this respect. The radial pressure 
curves for single-cast heat-treated piston brings are more uniform 
than those for bushed rings. These differences persist during 
service. Piston ring hysteresis is greatest for bushed cast rings 
and least for centrifugally cast rings. 

Cast iron may equally well be employed for cylinder liners 
and brake drums; for the latter purpose the rigidity and wear 
resistance of cast iron are especially valuable. Many composite 
drums have been invented in the endeavour to retain the advan- 
tages of the cast-iron drum whilst utilising the low weight and 
higher strength of steel. The author describes several of these 
composite drums. 

German Advances in Automobile Castings. W. A. Geisler. 
(Giesserei, 1935, vol. 22, Sept. 13, pp. 460-466). The author 
describes improvements that have been made in the quality of 
cast-iron piston rings, cylinder liners and brake drums for auto- 
mobiles. 

Cylinder Liners. T. R. Twigger. (Automobile Engineer, 
1935, vol. 25, May, pp. 179-181). Some results of tests on cylinder 
liners of centrifugally cast iron, in the heat-treated and unhardened 
conditions, also austenitic cast-iron liners, are presented. The 
tests were carried out under actual service conditions, and the 
results indicate that austenitic cast-iron cylinder liners and piston 
rings give superior wear resistance to ordinary cast irons. 

High Test Alloy Cast Iron for Machine Tools. F. J. Dost. 
(Metal Progress, 1935, vol. 28, Aug., pp. 47-49). An account 
of the production of high-test alloy cast iron for lathes and similar 
machine tools is given. The type of iron employed is a semi- 
steel having the following analysis: Total carbon 2-79, combined 
carbon 0-61, silicon 2-05, nickel 1-50, manganese 0-85, 
phosphorus under 0-20 per cent. The charge is a mixture of 
selected pig iron and rail scrap; nickel shot is added in the 
ladle in order to improve the quality of the iron. 

Cast Iron in Machine Construction. J.D. Watson. (Machinery 
(Lond.), 1935, vol. 46, July 18, pp. 488-490). Despite the extended 
use of alloy steels, drop forgings, malleable castings and weldings, 
cast iron still continues to be the chief material used in machine 
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construction. The author shows that nickel cast irons are 
particularly suitable for machine parts which are required to be 
strong, resistant to corrosion or abrasion, and amenable to heat 
treatment. He deals with twelve types of alloy cast iron, all 
containing nickel, together with other alloying elements such 
as chromium and silicon. 

Alloy Cast Irons Win Place in Mining. H.Strom. (Engineering 
and Mining Journal, 1935, vol. 136, June, pp. 290-294). The 
author shows that the use of alloying elements in cast iron has 
served to rehabilitate cast iron as an engineering material, and 
proceeds to cite the properties and applications of the more 
important alloy cast irons, with particular reference to mining 
practice. 

Endurance Limit of Blackheart Malleable Iron. E. G. Mahin 
and J. W. Hamilton. (American Foundrymen’s Association, 
Aug., 1935, Preprint No. 2). The endurance limit of blackheart 
malleable iron was found to be higher than that reported by 
previous investigators. The form and possible influence of graphite 
nodules are briefly discussed. 

Some Transient Phase Changes during the Graphitising 
Reaction. H. A. Schwartz, H. H. Johnson and C. H. Junge. 
(American Society for Metals, Oct., 1935, Preprint No. 6). The 
authors have attempted to follow the changes in composition 
and specific volume of the cementite and solid-solution phases 
during the process of graphitisation in the light of their own 
metallographic and density investigations. Material partially 
graphitised at 925° C. is converted on cooling and holding below 
A, into graphite plus Fe,C plus decomposed solid solution (granular 
pearlite) of approximately metastable eutectoid composition. 
At the elevated temperature, however, the cementite decreases 
progressively in carbon content and increases in density, the 
latter remaining a simple function of the former. The stable solid 
solution saturated at 925° C. is less dense than the saturated 
metastable solution by about 1 per cent. 





PROPERTIES AND TESTS OF IRON AND STEEL. 


Tests and Testing. C. A. Kellogg. (Wire and Wire Products, 
1935, vol. 10, Sept., pp. 411-413). Some of the ‘aia which 
arise in the testing of wire are commented on. 

Compound Lever Testing Machine for Russia. * (Engineer, 
1935, vol. 160, Aug. 30, p. 226). A description of a 180,000 
kg. testing machine by W. and T. Avery, Ltd., Birmingham, 
for export to Russia, is given. It is of the compound lever type 
capable of carrying out tests in tension, compression and trans- 
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verse bending. There are four straining rods, a hydraulic cylinder 
for imposing the test load, and a system of weighing levers for 
indicating the load applied. Tension specimens up to 6 m. 
stretched length can be accommodated. The strain is applied 
by a hydraulic cylinder and ram, the latter being connected to 
a crosshead which receives the four straining rods of the machine. 

Mirror Extensometer, Martens-Hesse Type. (Génie Civil, 
1935, vol. 107, Aug. 17, pp. 161-162). A brief description is 
given of the principles of the Martens-Hesse mirror extensometer. 

New Spring Tester. (Iron and Coal Trades Review, 1935, 
vol. 131, Aug. 23, p. 278). This machine, known as the 
“ Elasticometer,” is built in two load ranges, namely, 0 to 500 lb. 
and 0 to 750 lb. Provision is made for testing both tension and 
compression springs, automatic load indication by means of a 
pendulum being adopted. 

Strength due to Shape. A. Thum and W. Bautz. (Stahl und 
Eisen, 1935, vol. 55, Sept. 26, pp. 1025-1029). Earlier methods © 
of testing materials made use of procedures which had nothing in 
common with the actual stress conditions existing in practical 
machine construction. Their aim was to determine characteristic 
properties of the material and to assess its quality and usefulness 
on this basis. More recently the individual regularity of the 
strength of various constructional shapes has been more and more 
recognised, and it has been determined that this has an influence 
often much greater than that of the material itself. Thus it is 
found that there are no strength properties conditioned solely 
by the material alone, but that both the material and the shape 
contribute to the strength. It is therefore necessary to determine, 
for various materials, the strength due to shape (Gestalifestigkeit) 
under stresses resembling service conditions, and thence to give 
the constructional engineer a usable basis for his calculations. 
So long as data regarding the strength due to shape of various 
structural parts are inadequate, the influence of the shape must 
be allowed for approximately by the use of experimentally 
determined coefficients, particularly the notch sensitivity. The 
authors give examples to show the influence of the shape of test- 
pieces and structural parts on the behaviour of material under 
tensile and alternating stress; they discuss the effect of the 
prevention of flow by unequal stress distribution under tensile 
and alternating load, and give consideration to the nature of 
the coefficient of notch sensitivity. 

Experiments at Pressures of 5,000 Kg. per sq. cm. I.—Funda- 
mental Determinations of the Effective Cross-Section of Pressure 
Balances. II.—Absolute Determination of the Compressibility 
of Solid Bodies. H. Ebert. (Physikalische Zeitschrift, 1935, 
vol. 36, pp. 385-392). In the first part the author describes the 
determination of the effective cross-section, &c., of a pressure 
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balance for 5,000 kg. per sq.cm. with unpacked pistons, by means 
of a differential method. In the second part he gives the results 
of the determination, by a comparator method, of the compress- 
ibility of various single crystals, including iron, and polycrystalline 
materials, including steel. In general, the values for single crystals 
are slightly higher than those for the same material in the poly- 
crystalline condition, but the variation of the compressibility with 
the pressure is less. The actual pressure was measured with a 
resistance manometer analogous to the resistance thermometer. 
The changes of length, in millimetres per metre, caused by the 
pressures applied are tabulated for all the materials tested. 

The Tensility of Soft Steel H. D. Hibbard. (Industrial 
Heating, 1935, vol. 2, Feb., pp. 73-76). The author reviews 
the results of numerous investigators on the tensile strength 
of plain low-carbon steels at temperatures from —80° to 1,500° C. 
The data illustrate the limitations of such steels for structural 
and mechanical applications at elevated temperatures. 

A Study of the Elastic Properties of Certain Specimens of 
Mild Steel. J. E. Hurst. (Metallurgia, 1935, vol. 12, July, pp. 
85-86). Gaps were cut in rings of mild steel subjected to quenching 
treatments, and the gap movements recorded. The rings were 
examined for internal stress, modulus of elasticity, permanent 
set, and hysteresis; the results so obtained (for quenching 
temperatures of 500° to 750°C.) are compared with those yielded 
by rings in the as-received condition. 

Study of the Elastic Limit of Structural Steels. G. Delbart 
and H. Francelle. (Revue de |’Industrie Minérale, Mémoires, 
1935, No. 355, Oct. 1, pp. 463-472). The authors present the 
results of their tests made on a number of plain and alloy struc- 
tural steels after various heat treatments in order to investigate 
the relations existing between the apparent elastic limit and 
proof stresses of 0-1, 0:2 and 0-5 per cent., and, further, to 
compare various special steels in order to be able to meet the 
requirements demanded by the French War and Naval Depart- 
ments. Heating followed by slow cooling, when it produced a 
granular ferrite-pearlite structure, led to confusion of the proof 
stresses and resulted in a load-extension diagram with a horizontal 
portion. Heating followed by air-cooling gave the same results 
if the structure remained granular; in the case of low-alloy 
steels which air-hardened slightly (an increase of about 10 kg. 
per sq. mm. above the annealed value) the diagrams had no 
horizontal part, the 0-1, 0-2 and 0-5 per cent. prdof stresses 
were distinct from one another, and the structures were sorbitic. 
Martensitic quenching accentuated the difference between the 
0-1 and 0-2 per cent. proof stresses. Tempering and air-cooling 
after air-quenching or martensitic quenching tended to diminish 
the difference between the 0-1 and 0-2 per cent. proof stresses, 
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and these limits tended to coincide when the temperature 
approached Ac,; when the temperature exceeded Ac, these 
limits remained confused if the steel scarcely hardened and the 
structure remained granular (carbon and silico-manganese steels), 
but separated again if the steel hardened partially in air (nickel- 
chromium, chromium-molybdenum, nickel-chromium-molybdenum 
special steels). 

It appeared that the granular structure was not the only 
intervening factor, because tempering after martensitic quenching 
tended to close up the 0-1 and 0-2 per cent. proof stresses and 
produce curves with less steep slopes. Also, a nickel-chromium- 
molybdenum steel after furnace-cooling gave a load-extension 
curve without a horizontal part. Nevertheless, the 0-1 and 0-2 
per cent. proof stresses approached one another more closely 
as more and more free ferrite was present in the structure. It 
was noteworthy that the diagram for steel quenched in the marten- 
sitic condition never showed any tendency to flatten out, whereas 
those for steels in which the cementite was clearly separated 
from the solid solution tended to bend over to give, if not a 
horizontal portion—which shifted upwards and to the right as 
the structure became finer and more homogeneous—at least a 
clear-cut point of inflexion with a flattening of the curve. By 
slowing up the application of the load the various limits were 
brought closer together. For the tempered and annealed condi- 
tions the locus of the 0-1 per cent. proof stress appeared to 
be linear. The ratios of the 0-1 and 0-2 per cent. proof stresses 
to the tensile strengths were highest for steels with homogeneous 
sorbitic or osmonditic structures, and lowest for those with 
granular (ferrite-pearlite), that is, annealed, structures. The 
moduli of elasticity varied only between 20,000 and 25,000 kg. 
per sq. mm., being low for martensitic, and high for osmonditic 
structures. 

The Effect of Magnetisation on Young’s Modulus of Elasticity 
of Some Ferromagnetic Substances. K. Nakamura. (Science 
Reports of the Téhoku Imperial University, 1935, vol. 24, Aug., 
pp. 303-331). Three methods for measuring Young’s modulus 
in ferromagnetic substances, and its variation (AH) by mag- 
netisation, are described. Using these methods the AH effect 
for iron, nickel, cobalt and nickel-iron alloys was measured, and 
the following results were obtained: Young’s modulus for iron 
and cobalt was almost independent of the magnetisation ; for 
nickel it was found to be proportional to the magnetisation. 
The AEF effect is very small for nickel-iron alloys with less 
than 30 per cent. of nickel; it reaches a maximum at 50 
per cent. of nickel, but is generally smaller than for pure 
nickel. 

Comparison of Nickel and Nickel-Chromium Steels with 
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Plain Carbon Steels. A. Leblanc. (Métaux, 1935, vol. 10, May, 
pp. 131-134). Three diagrams are presented in which the relation- 
ships of the elastic limit to the notch-toughness, that of the 
breaking strength to the notch-toughness and that of the 
breaking strength to the elastic limit, for plain carbon, and 
nickel and nickel-chromium steels are plotted. The com- 
positions of the materials to which the plottings refer are not 
stated. 

The ‘* Oxford’? Impact Machine. (Engineering, 1935, vol. 
140, July 19, pp. 54, 55). In the “ Oxford ” machine both anvil 
and striker are suspended by wires so that no shock is transmitted 
to earth, and four-point loading is employed. The correlation 
between figures obtained by tests on the Oxford machine and the 
standard Izod apparatus is very good. The machine described is 
of the same type as that previously constructed, but it is larger, 
and minor refinements have been made. (See Journ. I and S.L., 
1934, No. II., p. 652). 

Standardisation of a Small Notch-Impact Specimen. R. 
Mailainder. (Stahl und Eisen, 1935, vol. 55, July 11, pp. 749-754 ; 
July 18, pp. 779-785). In view of the necessity for a standardised 
test-piece for carrying out notched-bar impact tests the Deutsche 
Verband fiir die Materialpriifungen der Technik and the Verein 
deutscher Eisenhiittenleute appointed committees to consider 
the choice of a suitable small test-piece. In the present article 
the author gives a detailed account of the results of the researches 
of these committees. After discussing the nature and features 
of the notched-bar impact test, the information which it yields, 
the need for standardised specimens, and the general points of 
view to be taken into account in selecting the dimensions of the 
test-piece, the author records the results of impact tests made 
at 20° C. on specimens of various widths and depths, with notches 
of different depths and sharpness, to distinguish between steels 
which had received correct or incorrect heat treatments. The 
differentiation between the individual specimens and the scattering 
of the results, and also the relationships between the notch- 
toughness values given by them are discussed. On the basis of 
the results obtained and the considerations enumerated it is 
suggested that the standard small specimen should measure 
10 x10 x 55 mm.and that the notch should be 3 mm. deep and 
2 mm. in diam.; as a supplementary test-piece, one having a 
notch only 1 mm. in diam., but otherwise identical with the first, 
is proposed. The differences between the standard small specimen 
advocated and those generally used in other countries outside 
Germany are indicated. 

Standardisation of the Notched Bar Test Piece. (Metallurgist, 
1935, Oct. 25, pp. 75-77). An English summary of the views of 
A. Steccanella (La Metallurgia Italiana, 1935, vol. 27, Feb., 
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pp. 81-108) and of R. Mailander (see preceding abstract) on the 
most suitable type of test-piece for use in notched-bar impact 
determinations is given. 

The Notch Sensitiveness of Steel under Alternating Stress. 
R. Mailander. (Technische Mitteilungen Krupp, 1935, vol. 3, 
No. 3, pp. 108-111). The concept notch sensitiveness (y;,) had 
been introduced in the hope that it would be found to be a constant 
of the material, that is, that for a given material it would have 
the same value, whatever the shape of the notch. It is calculated 
from the formula : 

a btm 
Nk mer 

where 8; is the ratio of the fatigue strength of an unnotched 
specimen to the nominal fatigue strength of a notched test- 
piece, and «, is the ratio of the maximum stress at the root of 
the notch in a specimen, set up by a load which nowhere exceeds 
the elastic limit, and the nominal stress for that same load. The 
author’s experiments show that this notch sensitiveness index 
(n.) is not suitable for revealing small differences of quality 
between various steels, because it is markedly influenced by a 
very slight scatter of the experimental results, and internal 
notch action can give the appearance of a low notch sensitiveness. 
No relation between the notch toughness and the notch 
sensitiveness could be observed. 

Report on Effect of Long-Time Heating With and Without 
Stress on Impact Resistance of 18 per cent. Chromium, 8 per 
cent. Nickel Steel (K9 and K19 Steel). (American Society for 
Testing Materials, 1935, Preprint No. 24, pp. 6-12). Cast and 
wrought 18 per cent. chromium, 8 per cent. nickel steel (K19) 
showed moderate loss of impact resistance after heating for 100 hr. 
at 1,400° F., and only minor changes in impact resistance with 
further heating up to 3,870 hr. A satisfactory impact resistance 
remained after 3,870 hr. heating at 1,400°F. The K19 steel 
first showed, after 1,000 hr. heating at 1,400° F., a lower percentage 
reduction than that shown by the K9 steel in previous tests but 
ultimately this approached the same value. Heating at 1,400° F. for 
100 hr. under stress produced little loss of impact resistance for 
the two steels. The data presented suggest that embrittlement, 
measured by impact resistance, may go on at a slower rate in a 
stressed than in an unstressed condition. 

Impact Resistance of Certain Nickel Steels at Low Atmospheric 
Temperatures. D. A. Campbell. (Transactions of the American 
Society for Metals, 1935, vol. 23, Sept., pp. 761-781). The author 
has studied the influence of nickel in steel in small amounts and 
the influence of heat treatment on pearlitic nickel steels with 
respect to impact resistance at low atmospheric temperatures. 
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Heat treatment, other than normalising or annealing, increases 
the impact resistance at low temperatures of plain carbon and 
pearlitic nickel steels. A maximum impact resistance at ordinary 
atmospheric temperature ranges is obtained when the steels 
are quenched and fully drawn. The addition of nickel in small 
quantities tends to improve the impact resistance of normalised 
low-carbon steels at low temperatures. It is indicated that the 
amount of nickel required to give the maximum low atmospheric 
temperature value is a function of the carbon content of the 
steel. With less than 0-4 per cent. of carbon, maximum impact 
resistance at low atmospheric temperatures is obtained with 
about 2 per cent. of nickel. With carbon in excess of 0:4 per 
cent. maximum impact resistance is obtained with at least 3-5 
per cent. of nickel. The addition of about 2 per cent. of nickel 
to a low-carbon steel retains the room temperature impact 
resistance down to — 35° F. if the steel is in the normalised con- 
dition. In this respect the addition of this amount of nickel has 
the same effect as quenching and tempering a plain carbon steel 
to give a completely sorbitic structure. 

Interpretation of Torsion Impact Properties of Carbon Tool 
Steel. G. V. Luerssen and O. V. Greene. (American Society 
for- Metals, Oct., 1935, Preprint No. 24). The characteristic 
torsion impact curve of quenched and tempered tool steel 
presented by the authors in previous papers (Proceedings of the 
American Society for Testing Materials, 1933, vol. 33, p. 315, 
and Transactions of the Society for Metals, 1934, vol. 22, p. 311) 
is discussed. The peculiarities of this curve can be explained by 
the structural and physical changes occurring in the tempering 
operation. Particular reference is made to the drop in impact 
resistance between tempering temperatures of approximately 
175° and 230°C. It is shown that this drop in impact resistance 
is accompanied by a decrease in ductility, and by means of 
reconstructed impact curves calculated from hardness and 
ductility measurements, this decrease in ductility is proved to 
account for the drop in impact value. The reduction in ductility, 
and consequently in impact value, is caused by a structural 
change involving the decomposition of austenite. It is concluded 
that the first, or rising, stage of the curve is the result of stress 
relief in quenched martensite, the second, or falling, stage is 
caused by the breakdown of retained austenite to the less ductile 
martensite, and the third, or rising, stage results from the gradual 
breakdown of martensite into the softer more ductile constituents. 

Photo-Elastic Tests Require Care in Preparing Specimens. 
T. V. Buckwalter, O. J. Horger, and S. Maulbetch. (Steel, 
1935, vol. 96, June 3, pp. 31-32). The authors, who are working 
on a programme of photo-elastic tests for the Timken Roller Eear- 
ing Co., describe briefly the apparatus set up for the study of press 
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fits; they also indicate the care which must be employed in 
preparing the specimens. The bakelite specimen is cut, oversize, 
from sheet, and annealed in an electric furnace at 80°-95° C. 
The specimen is then carefully machined to size, and again 
annealed. 

The Use of the Hele-Shaw Apparatus in the Investigation 
of the Flow of Metals. A. M. Herbert and F. C. Thompson. 
(Iron and Steel Institute, Sept., 1935: this Journal p. 117). 

Some Residual Stress Effects in Static Tension Specimens. 
R. E. Jamieson. (Journal of the American Welding Society, 
1935, vol. 14, Sept., pp. 16-21). Experiments were carried out 
in order to measure the effect of residual stress on the behaviour 
of welded specimens under tension. Strips of mild steel, 
5 ft. x 43 in. x 8 in., were grooved on the edges, stress-relieved 
at 1,150° F. and then welded. Measurements of the welding 
strains and residual stresses were obtained, using Martens 
extensometers. Welded and unwelded specimens were tested 
in a tensile testing machine, and the stress/strain curves were 
compared. It was found that the presence of residual welding 
stresses exerts a considerable effect on the shape of the 
stress/strain curve. The high local stresses give rise to larger 
deformations than those exhibited by the unwelded plate, but 
the overall strength is not seriously affected. Welding raises 
the yield point and lowers the ductility, and reduces the ultimate 
strength by about 9 per cent. 

An X-Ray Study of Liiders Lines and Strain Figures in Low 
Carbon Steel. R. F. Mehl and M. Gensamer. (Metals and Alloys, 
1935, vol. 6, June, pp. 158-159). X-ray photograms from 
strained and unstrained samples of automobile sheet steel showed 
that the unstrained specimens yielded Debye rings made up of 
discrete spots, whereas specimens which showed Liiders lines 
or strain figures gave Debye rings of nearly uniform intensity. 
It was not possible to distinguish pre-strain in this way, however. 

The Piobert Effect in Iron and Soft Steel. E. W. Fell. 
(Iron and Steel Institute, Sept., 1935: this Journal, p. 75). 

Stresses in Overstrained Materials. (Report of Committee to 
Consider Stresses in Overstrained Materials, British Association, 
Sept. 5, 1935: Engineering, 1935, vol. 140, Sept. 13, pp. 291-292). 
The Committee consider that the yield point affords a more reliable 
basis for design than the elastic limit, but, like the latter, it also is 
open to objections concerning the method of testing. The “ lower 
yield point” is suggested as being the most trustworthy basis 
of comparison for the different structural steels. 

Magnaflux Inspection for Cracks and Seams. (Iron Age, 
1935, vol. 136, Sept. 26, pp. 40-41, 143). In the Magnaflux 
method of testing ferrous materials for cracks, seams and hidden 
discontinuities, the part to be tested is magnetised and dusted 
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with Magnaflux powder; the latter reveals the location of any 
such defects, if present. Some applications of this system to 
bars, crankshafts, &c., are referred to. 

Flash Magnetisation for Examining Castings and Forgings. 
A. G. Warren. (Engineering, 1935, vol. 140, Oct. 4, pp. 353-354). 
Defects in steel castings or forgings may be revealed by 
magnetising the specimen and coating it with finely divided iron 
dispersed in a suitable medium. Flaws are thus rendered visible. 
The method is somewhat difficult to apply to rotor forgings, 
turbine discs, pressure cylinders, &c., owing to their size and form. 
However, these articles may be circularly magnetised by winding 
a coil of wire through the bore and passing a current through the 
winding. Since the magnetic circuit is a closed one over 90 per 
cent. of the magnetisation is retained on switching off the current ; 
hence this need only be maintained for a short time, depending 
on the rate of growth. Eddy currents induced in the specimen 
reduce the back e.m.f. and permit a very rapid rise to the 
maximum current value. With flash magnetisation the current 
is maintained for a sufficient length of time to blow a fine fuse. 
The loop of conductors used for magnetising the specimen usually 
consists of a “rope” of conductors connected to switches at 
each end, the whole being the equivalent of a coil of eighteen 
turns and a resistance of 4 ohm. The instantaneous current 
attained is of the order of 100 amp. at “ blow.” This suffices 
for the effective magnetisation of a tube 2 ft. in diam. and 24 ft. 
long ; larger articles may be dealt with by using extension loops. 

Age Hardening of Metals. H. M. Boylston. (Industrial 
Heating, 1935, vol. 2, Jan., pp. 9-13). The author reviews the 
explanations which have been advanced concerning age-hardening 
and the effects of carbon, nitrogen, cobalt and molybdenum 
upon the ageing phenomenon. 

Age Hardened Steel Avoided rather than Utilised. P. D. 
Merica. (Metal Progress, 1935, vol. 27, June, pp. 29-32). It 
is pointed out that the age-hardening effect in mild steels has been 
known for some time. It can be brought about by carbon and 
certain other elements, notably copper. Thus a copper steel is 
susceptible to three types of hardening: Martensitic hardening, 
carbon - precipitation-hardening, and copper _ precipitation- 
hardening. Ageing in steels appears to be related to other 
phenomena, such as temper-brittleness, blue-brittleness, and 
work-hardening. 

The Ageing of Steel. E. S. Davenport and FE. C. Bain. 
(American Society for Metals, Oct., 1935, Preprint No. 9). The 
authors deal first with the moderate increase in hardness which 
develops gradually in annealed low-carbon steel at temperatures 
as low as room temperature following a rapid cooling from 
temperatures near 1,300°C. This is explained on the basis of 
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the precipitation of iron carbide from ferrite supersaturated with 
respect to carbon, a reaction which conforms in type with those 
in familiar age-hardening alloys. More extended studies are 
reported on the ageing phenomena observed at temperatures 
from 0° C. upwards in cold-worked low-carbon steel. Observations 
from many sources are considered, which, as summarised, indicate 
that strain-ageing, blue-brittleness, the Fry etching figures and 
other effects are all due to the precipitation, particularly upon 
slipbands, of a compound, probably an oxide derived from ferrite 
supersaturated with respect to oxygen. 

The Influence of Deoxidation on the Ageing of Mild Steels. 
B. N. Daniloff, R. F. Mehl and C. H. Herty, jun. (American 
Society for Metals, Oct., 1935, Preprint No. 8). <A series of steels, 
varying in carbon content between 0-02 and 0-25 per cent. 
and representing a wide variation in the degree of deoxidation, 
was tested for ageing after quenching from subcritical temperatures 
and after cold working. According to the deoxidation treatment 
the steels were divided into four major classes: (1) Rimmed steels, 
(2) semi-killed steels, (3) silicon-killed steels, and (4) aluminium- 
killed steels. It was found that deoxidation had a very pronounced 
effect on both types of ageing. The tendency of steels to age 
was found to decrease with deoxidation in the order given above. 
Steels deoxidised with silico-manganese in the furnace and ferro- 
silicon and aluminium in the ladle were found to be practically 
non-ageing. It is believed that deoxidation decreases the 
susceptibility of steels to ageing directly through the decrease 
in the dissolved oxygen content, and indirectly by virtue of its 
action in refining the grain-size of the steels. 

Magnetic Ageing of Iron due to Oxygen. T. D. Yensen and 
N. A. Ziegler. (American Institute of Mining and Metallurgical 
Engineers, 1935, Technical Publication No. 624). The authors 
explain that the phenomenon of magnetic age-hardening in iron 
has hitherto been attributed to the presence of nitrogen and 
carbon ; oxygen has not been considered to exert an important 
influence. The authors prepared ring samples of electrolytic 
iron melted under hydrogen in a H.F. furnace, and tested them 
magnetically. Oxygen (above that already present) was intro- 
duced by heating the samples in air at 700°-900° C. and air- 
quenching ; the oxygen contents were 0-019, 0-029 and 0-035 
per cent. for the three specimens used. The magnetic properties 
were again obtained. Each sample was then aged by heating 
in vacuo for | hr. at temperatures of 200°, 400°, 600° and 800° C., 
followed by slow cooling and magnetic testing. From the results 
thus obtained the authors conclude that precipitation hardening 
occurs owing to the presence of oxygen, and that there is probably 
a critical particle size giving rise to the greatest magnetic effect. 

Influence of Nitrogen and Oxygen on the Age-Embrittlement 
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of Steel. (Metallurgist, 1935, Aug., pp. 52-53). This isan English 
summary of a paper by W. Kilender, H. Cornelius, and H. 
Kniippel, published in Archiv fiir das Eisenhiittenwesen, 1935, 
vol. 8, May, p. 507. (See Journ. I. and S.I., 1935, No. I. p. 469). 

Correlation of Failures from Embrittlement of 4 to 6 per cent. 
Chromium Steel with the Notched Bar Impact Test. H.M. Wilten. 
(American Society for Metals, Oct., 1935, Preprint No. 17). 
Chromium steel tubes (chromium 4 to 6 per cent.) when used in 
refinery cracking stills in the form of coils are subject to embrittle- 
ment. The author has studied the cause of this embrittlement 
and has correlated the results obtained from service data and 
laboratory tests. Chromium steel tubes containing molybdenum 
did not exhibit embrittlement in service. 

The Embrittlement of Boiler Steel—I. E. P. Partridge 
and W. C. Schroeder. (Metals and Alloys, 1935, vol. 6, June, 
pp. 145-149). In this, the first part of a correlated summary on 
the subject of caustic embrittlement, the chemical factors in the 
attack of boiler waters upon steel are considered. The ionic re- 
actions involved are discussed, together with the effect of dissolved 
substances, notably sodium hydroxide. From data which they 
adduce, the authors contend that the oxide coating normally 
formed by chemical action acts as a barrier to further penetration, 
and that in certain cases the presence of salts in solution may 
tend to dissolve the oxide coating and so expose the metal to 
chemical attack. Discontinuities in the oxide film are likely to 
accelerate localised attack. 

The Embrittlement of Boiler Steel—II. E. P. Partridge and 
W. C. Schroeder. (Metals and Alloys, 1935, vol. 6, July, pp. 
187-191). Attention is directed to the effect of chemical 
attack on the mechanical properties of low-carbon steel. The 
findings of numerous investigators on hydrogen embrittlement 
after pickling are quoted, and the subject of caustic embrittlement 
is subsequently treated. Among the conclusions drawn by the 
authors are the following: At boiler temperatures the solubility 
of hydrogen in iron is very low, but it may be greatly increased 
by chemical reaction at the surface of the metal; the hydrogen 
diffuses out from the metal on the cessation of chemical reaction ; 
steel which has absorbed hydrogen behaves in a brittle manner, 
the hydrogen content necessary to cause brittleness being quite 
low ; recovery from embrittlement is usually incomplete ; the 
likelihood of embrittlement by an aqueous solution depends 
largely on the degree to which the solution removes or prevents 
the formation of the protective coating of oxide on the metal ; 
selective corrosion of steel subjected to repeated or reversed 
stresses may-.lead to fatigue failure. 

The Embrittlement of Boiler Steel.—III. E. P. Partridge and 
W. C. Schroeder. (Metals and Alloys, 1935, vol. 6, Sept., pp. 
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253-258). After reviewing the properties of low-carbon steel 
at boiler temperatures and the part played by ageing in giving 
rise to embrittlement, the authors discuss the cracking of low- 
carbon steel under combined chemical attack and mechanical 
stress. Reports of failures in vessels containing hot caustic 
solutions are examined, and these failures are compared with 
embrittlement failures in boiler steel. 

Boiler Steel Embrittlement. E. P. Partridge and W. C. 
Schroeder. (Mechanical Engineering, 1935, vol. 57, May, pp. 
294-296). 

On the Cold Shortness in Metals and Alloys. Y. Fujii. (Kinzoku 
No Kenkyu, 1935, vol. 12, Apr. 20, pp. 189-209). The author 
has measured the shock resistance of thirty-seven pure metals 
and alloys of practical importance, within the temperature 
range — 190° to 500°. From the results the following conclusion 
is drawn: Cold-shortness depends mainly on the type of crystal 
space lattice; metals with a face-centred cubic lattice are free 
from cold-shortness, while metals with other types of lattice 
reveal an increase in brittleness at low temperatures. 

A New Method and Machine for Dynamic Hardness Testing. 
W. M. Patterson. (American Society for Testing Materials, 1935, 
Preprint No. 38). The author describes the Ballentine dynamic 
hardness tester, and explains the development of a scale fulfilling 
the desired conditions. Test data are given on alloys of lead, 
copper, and aluminium, cast iron and soft and medium-hard 
steels. The reproducibility of results to be expected with the 
method in laboratory and production work is estimated, and a 
brief discussion of the advantages and particular field of use of 
the machine is given. 

Hardness Testing of Nitrided Steels. J. H. Hruska. (Iron 
Age, 1935, vol. 136, Sept. 26, pp. 22-23, 26-28, 30, 58). In view 
of the hardness of nitrided surfaces and the thinness of the nitrided 
case the ordinary methods of determining case-hardness are 
difficult to apply. The comparative merits of the various types 
of hardness testing machines when used on nitrided material are 
discussed. 

Wear and How to Determine it. W. A. Harrington. (Steel 
Treatment Research Society, Australia: Heat Treating and 
Forging, 1935, vol. 21, May, pp. 233-237). It is pointed out that 
wear resistance is not synonymous with hardness, and a special 
machine for testing resistance to wear is described. The machine 
consists of a rotating disc carrying an annular track which may 
be supplied with an abrasive or lubricant, as desired. The test 
specimens are discs of known radius (9 mm.) and width (6 mm.), 
and are mounted in pairs in a pivoted holder. During the test 
the discs rub against the rotating track, thus producing a flat on 
the specimens. The length of this flat is determined by a micro- 
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scope, and the volume of material worn off is calculated. The 
load on the specimens may be adjusted to give the required 
bearing pressure. Results of tests on cast iron for piston rings 
(using a cylinder iron on the rotating disc and paraffin as the 
lubricant) show that hardness is not related to wear resistance, 
and that a pearlitic structure is the most resistant. In these tests 
the wear-resistance was determined by comparing the rate of wear 
with that of a standard specimen tested at the same time. 

Reducing Abrasion by Compound Contact Pieces. S. Saito 
and N. Yamamoto. (Metal Progress, 1935, vol. 27, June, pp. 
52-55). Apparatus was set up by the authors which consisted 
of a revolving railway tyre upon which two specimens were 
allowed to rub at predetermined pressures. It was discovered 
that a considerable reduction in wear could be effected if the 
specimens were of dissimilar materials. Thus, if the test-pieces 
were of steel and cast iron (bearing on a steel tyre) the wear on 
the steel specimen was reduced to a negligible amount; it was 
as if the cast iron exerted a lubricating action. The reduction in 
wear depends largely on the rubbing pressures; by adopting a 
sufficiently low bearing pressure for the cast-iron specimen the 
wear on the latter is diminished, whilst the lubricating action is 
maintained. Similar tests on steel allied with other materials, 
such as teak, resin, and asbestos, revealed results of the same 
type. These findings have been applied to railway practice with 
considerable success. Experiments were also carried out to 
investigate the wear of collector shoes on trolley wires. By 
using an abrasive pair, consisting of a copper shoe and a shoe 
of hard rubber, the wear on both the trolley wire and the copper 
collector was reduced almost to zero. The authors suggest that 
the above phenomena may be explained in the following way : 
The abrasion of a ductile material, such as steel upon steel, gives 
rise to considerable roughening of the surface. If cast iron is 
used the brittle particles of cast iron become embedded in the 
rubbing surfaces, and these therefore become smooth. A soft 
material such as tin or lead may be considered to smear the 
surface and produce a similar lubricating effect. 

The So-Called ‘‘ Bleeding’? [Bluten] of Steel. A. Leon. 
(Montanistische Rundschau, 1935, vol. 27, Stahlbau-Technik, 
July, pp. 1-3). On taking down steel parts which have been 
subjected to alternating stresses while joined together, a brownish- 
red coating (called Edelrost or Passwngsrost in German) may be 
found on the surfaces that had been pressed together. The 
phenomenon is called “ bleeding” (Bluten) or “sweating” 
(Schwitzen), and it occurs not only on structures which are 
apparently immovably fixed together, but also on parts which 
slide or roll over one another (plain and roller bearings). Chemical 
and X-ray examinations have shown the “rust” to consist of 
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ferric and ferroso-ferric oxides mixed with metallic particles ; 
as the iron has combined directly with oxygen (without the 
presence of moisture as required for ordinary rusting), the term 
“ frictional oxidation’ has been proposed. The present author 
discusses the discovery of frictional oxidation, its independence 
of the temperature, the cause of it, and its connection with wear 
and with fatigue fracture, on the basis of the publications of 
several investigators. 

The Cutting of 18°, Chromium, 8°, Nickel Steel with 
Silver-Steel Tools. W. Ulfert. (Stahl und Eisen, 1935, vol. 55, 
Oct. 3, p. 1070). Special-steel tools are usually considered 
necessary for the machining of rustless chromium-nickel steel. 
The author’s tests with silver-steel tools, containing 1-2 per cent. 
of carbon and 1 per cent. of tungsten, show that this material can 
well be used for the tools, provided that a cutting angle not 
usually employed is adopted ; cooling with cutting oil is essential. 
Diagrams of suitable tool-shapes are given. 

Factors Influencing the Nature of the Cutting Speed—Tool 
Life Curve. O. W. Boston, W. W. Gilbert and C. E. Kraus. 
(American Society for Metals, Oct., 1935, Preprint No. 26). The 
object of this paper is to show that the exponent, as well as the 
constant, in the formula V7'" = C may vary as conditions are 
changed. It is shown that the relation between the cutting 
speed and tool life conforms to the above mathematical equation, 
in which: V is the cutting speed in ft. per min.; 7' is the tool 
life under cut up to the time of tool breakdown, measured in 
minutes; n is the exponent of 7’ and equals the tangent 
of the angle of slope of the cutting-speed/tool-life curve 
when plotted on log-log paper; and C is a constant depending 
upon the various conditions. In order to show the influence of 
each of several factors, such as the tool material, the tool 
shape, the material cut, and the cutting fluid, the results 
of several sets of tests are presented and discussed. It is shown 
that a variation in any of these factors may change the value 
of n as well as the constant C in the above equation. 

Grinding Cracks. A. M. Steever. (Metal Progress, 1935, 
vol. 27, May, pp. 52-53, 68). Articles such as dies, which during 
manufacture are subjected to grinding operations, are sometimes 
found to crack during or soon after grinding. Such cracks have a 
characteristic mosaic appearance; they are the result of harsh 
grinding. The cracks may be revealed by boiling for 15-30 min. 
in a solution of hydrochloric acid and water, or by pickling in nitric 
acid. Grinding cracks may be avoided if care is taken in the final 
grinding operation, using light cuts and an ample supply of cooling 
liquid. 

Cold-Work in the Boiler Shop. N. Dewulf. (Revue de 
Métallurgie, Mémoires, 1935, vol. 32, May, pp. 215-224). The 
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author reports briefly tests made to determine the influence of 
cold-work, applied by tension, by bending and by compression, 
on the properties of normalised boiler-plate material and the 
effect of heat treatment on the changes produced. 

Electro-Magnetic Tests for Work-Hardening Steel Wires. 
T. F. Wall. (Engineer, 1935, vol. 160, Sept. 13, pp. 260-263). 
The purpose of the investigations was to provide means of 
observing the changes in the elasticity and viscosity of steel wires 
of colliery winding and haulage ropes after they have been in 
service. Two methods were employed: (1) A ballistic magneto- 
striction method which consists essentially in magnetising the 
wire by a known magnetising force and then applying a load to 
the wire; the increase of induction in the wire due to the 
application of load is measured by the throw of a ballistic 
galvanometer ; (2) the observation of a travelling surge of stress 
in the wire; the wire is surrounded by solenoids connected in 
series, and, by means of a valve amplifier, to an oscillograph ; 
a blow is struck at one end of the wire, and the surge of stress so 
induced travels along the wire and gives rise to an e.m.f. in the 
corresponding search coil, this e.m.f. being recorded on the 
oscillograph. Tests carried out by the magnetostriction method 
showed not only considerable work-hardening in used ropes, but 
also evidence of the same effect with new ropes. Surge stress 
results confirmed this, and also revealed that the value of Young’s 
modulus for old wire is reduced to a very low figure, suggesting 
considerable deterioration. Data relating to surge stress tests 
on Armco wire and on pure nickel wire are also given. 

An Apparatus for Measuring the Thermal Conductivity of 
Metal Sheets. A. Eucken and H. Warrentrup. (Zeitschrift fiir 
technische Physik, 1935, vol. 16, pp. 99-104). The apparatus 
described functions on the principle that heat is imparted to the 
middle of the sheet to be tested while the edges are kept at a 
constant temperature, the constant temperature difference so 
set up being then measured. 

The Shape of the Stress-Elongation Curves of Steel in the 
Blue-Heat Temperature Range. W. Enders and W. Lueg. 
(Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 
1935, vol. 17, No. 6, pp.77-88). Tensile tests were carried out in 
the blue-heat range on a number of low-carbon steels ; the stress 
was measured by an electrical device incorporating the principle 
of an electric condenser. By this means the influence of various 
heat treatments on the number and magnitude of the sudden 
deviations in the load-extension curves, the yield points, the tensile 
strengths, and their dependence on the temperature were deter- 
mined. The sudden deviations in the extension curves, entailing 
corresponding decreases of load, occurred only in a narrow range 
of temperature ; for the steels tested in the as-received condition, 
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this lay between 100° and 280° C. for the rates of extension used. 
In all the curves relating the temperature to the number of jumps 
there was a clearcut maximum, the corresponding temperature of 
which seemed to be dependent on the nitrogen and oxygen contents 
of the steel, and so on its mode of manufacture. In steels con- 
taining much gas, the number of jumps and the corresponding 
temperature could not be altered by a long low-temperature anneal 
nor by extremely slow cooling from 680°C., but in steels with 
lower oxygen and nitrogen contents such treatment lowered the 
maximum number of jumps and shifted it to higher temperatures 
—in one case, a long low-temperature anneal almost completely 
suppressed the jumps. Special heat treatment of a hot-rolled 
soft iron increased the number of jumps, but the magnitude of the 
individual deviations became almost imperceptible. Whether 
these jumps are connected with precipitation phenomena cannot 
be stated ; they occurred in all the steels in the as-received con- 
dition, the micrographs of which revealed no precipitation, and 
also after heat treatment, both in steels showing marked pre- 
cipitation and in others with none. In duralumin (on which tests 
were also made) the occurrence of similar deviations appeared to 
be related to precipitation phenomena. With the appearance of 
jumps in the blue-heat range, an increase in the tensile strength 
was observed ; in all the steels the maximum in the number of 
jumps occurred at a somewhat lower temperature than did that 
of the tensile strength. Slow cooling from 680° and prolonged 
annealing at 200° C. both lowered the yield point and the tensile 
strength, but the notch toughness was lowered only in the case 
of steels containing much gas ; it was noteworthy that the marked 
decrease of the notch toughness occurred without previous cold- 
deformation. 

The Influence of High Temperatures on the Strength Properties 
of Soft and Medium-Hard Steels under Static and Dynamic Stressing. 
K. Uhlemann. (Metallwirtschaft, 1935, vol. 14, Sept. 27, pp. 

73-778 ; Oct. 4, pp. 795-798). The changes in the static and 
dynamic strength properties due to high temperatures were 
investigated in four carbon steels of 40 to 80 kg. per sq. mm. 
strength, and one low-alloy steel, at temperatures up to 500° C. 
The tests included hot tensile, bending fatigue and notched-bar 
impact tests; in the latter, particular attention was paid to the 
influence of the depth of the notch. The results obtained are set 
out in tables and diagrams ; the influence of scaling on the bend 
fatigue strength, the relation between the static and dynamic 
properties, the types of fracture, and the practical conclusions 
to be drawn from the tests are discussed. 

Investigation of the Behaviour of Metals under Deformation 
at High Temperatures. Part I.—Structural Changes in Mild 
Steel and Commercial Irons during Creep. C. H. M. Jenkins 
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and G. A. Mellor. (Iron and Steel Institute, Sept., 1935: this 
Journal, p. 179). 

The Behaviour of Mild Steel under Prolonged Stress at 800° C. 
C. H. M. Jenkins. (Iron and Steel Institute, Sept., 1935: this 
Journal, p. 281). 

Mechanical Study of Metals at Raised Temperatures. P. 
Chevenard. (Métaux, 1935, vol. 10, Mar., pp. 76-86). The 
author describes and illustrates the apparatus installed in the 
laboratories of the Imphy Steelworks for carrying out tests on 
metals (bars and wires) at raised temperature. These include 
an ‘isothermal viscosimeter,”’ in which the “ flow” of a loaded 
wire at a constant raised temperature is measured ; a “ viscosi- 
meter for rising temperatures,” which is a dilatometer for 
recording the flow of a loaded wire as a function of the tempera- 
ture; “relaxometers,”’ in which the specimen (wire or rod) 
is subjected to a load by means of a spring, and the relaxation, 
or decrease of load that sets in under the influence of the tempera- 
ture, is measured ; a “ torsion oscillometer”’; and an industrial 
tensile testing machine for raised temperatures. The types of 
curves obtained by the machines are illustrated. 

Creep Tests by the Method of W. Rohn. R. Scherer and 
H. Geipel. (Archiv fiir das Eisenhiittenwesen, 1935, vol. 9, 
Aug., pp. 99-102). In Rohn’s creep testing machine the expansion 
of the specimen is made to control the furnace temperature, so 
that the creep under the test load and the thermal expansion 
are in equilibrium, that is to say, the specimen length varies 
about a constant value during the test. The applied load is then 
the creep limit for the temperature at which equilibrium is finally 
established. The present authors have carried out an investigation 
of this test method ; they have examined the temperature distri- 
bution in the testing machine, the influence of the specimen 
length on the sensitivity of temperature control, the dependence 
of the equilibrium temperature corresponding to the creep limit, 
as determined, on the temperature at the start of the test, and the 
influence of the coefficient of expansion and of the elastic modulus 
of the test material on the creep. They discuss the determination 
of the rate of extension from the time/temperature curve and the 
influence of inaccurate temperature measurement on this calcula- 
tion. Finally, they make a comparison of creep values obtained 
by the Rohn method with the creep strength determined in a 
test at constant temperature and under constant load on the 
basis of a rate of extension of 5 x 10-4 per cent. pet hr. in the 
period from the twenty-fifth to the thirty-fifth hour. 

Influence of Time on Creep of Steels. A. E. White, C. L. Clark, 
and R. L. Wilson. (American Society for Testing Materials, 
1935, Preprint No. 32). The results are presented of extended- 
time creep tests carried out at 1,000° F. on a plain carbon steel of 


. 





QO fe rnmo0n0n:™ 


=“ Js Om Det OOF ee DF et 


= The 





PHYSICAL AND CHEMICAL PROPERTIES. 485 


the §.A.E. 1015 type and a chromium-silicon-molybdenum steel. 
Certain of the stresses for the alloy steel were so selected that 
fracture would result at various periods of the test, thus producing 
the complete time-elongation curves. These stresses were con- 
siderably greater than any which would normally be used in com- 
mercial practice. The fractured specimens were subjected to 
metallographic, X-ray and hardness examinations to determine 
the extent to which the structural and deformation characteristics 
were dependent on the time required for rupture. The results 
presented indicate that the creep ratio, and thus the reported creep 
stresses, are influenced by the length of time to which the creep 
tests are extended. While not affected to the same degree, with both 
steels lower creep strength values were obtained from the 500-hr. 
test than from the 1,000-hr. test, and the values obtained were more 
comparable with those obtained from tests of several thousand 
hours’ duration. The structural and deformation characteristics 
were found to be influenced by the time required for rupture. The 
observed differences may be explained either on the assumption 
that the mechanism of deformation is different in the short-time 
tension test from that in the creep tests, or that, with the creep 
specimens, the deformation characteristics were changed because 
of the length of time at temperature. 

Stability of Steels under Stress up to 1,000° F. E. L. Robinson. 
(Metal Progress, 1935, vol. 28, Sept., pp. 34-39, 78). The author 
commences by pointing out that in turbine work the permissible 
creep is very low—of the order of a few hundredths of 1 per cent. 
over a period of years. Attention is then directed to the various 
forms of time/creep diagrams and the facts which they reveal ; 
these diagrams are analysed with particular reference to the 
considerations which are paramount in turbine practice. 

Some Alloys having Great Thermal and Magnetic Stability. 
P. D. Merica. (Metal Progress, 1935, vol. 28, July, pp. 41-45). 
Certain alloys of the age-hardening type possess a high mechanical 
and thermal stability at elevated temperatures, after age- 
hardening ; “ Konal,’ containing nickel about 70, cobalt 17, 
iron 6, and titanium 2 per cent., and a recently-developed tungsten- 
cobalt-iron alloy containing tungsten 30, cobalt 25, and iron 30 
per cent., are of this type. The author remarks on these alloys, 
and on the alloys which exhibit an analogous magnetic hardness 
(high coercive force). The tungsten-cobalt magnet steels and 
aluminium-nickel-iron alloys are cited in this connection. Finally, 
the author comments on certain discrepancies and inconsistencies 
in the age-hardening phenomena commonly observed. 

Influence of Carbon Content on High Temperature Properties 
of Steels: A. E. White, C. L. Clark, and R. L. Wilson. (American 
Society for Metals, Oct., 1935, Preprint No. 18). The authors 
have investigated the influence of the carbon content on the high- 
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temperature characteristics of two types of steel, one a plain 
carbon steel and the other a low-alloy steel containing silicon, 
chromium and molybdenum. Two carbon contents were selected 
for each type, the lower being approximately 0-10 per cent. and 
the higher 0-45 per cent. Both the short-time tensile properties 
and the creep characteristics were studied. The tensile tests 
were carried out at temperatures ranging from 26° to 760°C., 
and the creep tests at 425°, 540° and 650° C. The impact resistance 
was also studied. The relative high-temperature stability of 
the steels was also investigated by submitting specimens after 
creep testing to metallographic examination and to tensile and 
impact tests at room temperature. The results indicate that the 
behaviour of steels at elevated temperatures is sometimes inde- 
pendent of the carbon content and may be affected by initial 
heat treatments or by the addition of alloying elements that would 
change the character of the carbides in the structure. 

High Temperature Properties of Nickel-Cobalt-Iron Base 
Age-Hardening Alloys.—Part I. ©. R. Austin. (American 
Society for Metals, Oct., 1935, Preprint No. 20). The author 
presents the results of a study of the properties of nickel-cobalt- 
iron alloys. The mechanical properties, age-hardening charac- 
teristics, work-hardening and temperature softening properties 
of the alloys are considered. The hardest alloy of the series 
investigated was found to maintain its hardness (590-635 Vickers) 
at 1,110° F. 

Physical Properties of Metals as Affected by Conditions of 
Ammonia Synthesis. H. L. Maxwell. (American Society for 
Metals, Oct., 1935, Preprint No. 16). The problems to be con- 
sidered in the selection of materials for such applications as high- 
pressure hydrogenation and ammonia synthesis are tensile 
strength, ductility and shock resistance at high temperatures, and 
resistance to hydrogen attack and creep under long continued 
high stresses. The work reported was undertaken in order to 
gain further information on metals having the desired properties 
for these operations. The results show that deoxidised copper 
and copper alloys are more resistant to high-temperature, high- 
pressure hydrogen-nitrogen mixtures than similar alloys containing 
oxide. Plain carbon steel and also low-chromium nickel alloys 
are severely embrittled at temperatures up to 500° C. in contact 
with 3 : 1 hydrogen-nitrogen mixtures at 1,000 atm. pressure. 
The chromium-tungsten, chromium-molybdenum, and chromium- 
vanadium steels show increased resistance to gas attick under 
these same conditions for intervals up to 1,535 hr. 

The Rotating-Wire Arc Fatigue Machine for Testing Small- 
Diameter Wire. J. N. Kenyon. (American Society for Testing 
Materials, 1935, Preprint No. 35). A stress-reversal fatigue 
machine developed on the principle of a rotating-wire- hent to are 
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curvature is being used to test small-diameter wire. Resonant 
vibrations or standing waves are damped in an oil bath. The 
specimen automatically assumes the form of a circular arc by 
the elimination of flexural shear. Test results so far obtained give 
satisfactory values. . 

Fatigue Testing Machine for Wire. (Wire and Wire Products, 
1935, vol. 10, July, pp. 272-274, 284, 285). The Haigh-Robertson 
fatigue testing machine for wire is described. (See Journ. I. and 
S.I. 1934, No. IL. p. 676). 

Some New Fatigue Testing Machines. J. S. G. Primrose. 
(Transactions of the Manchester Association of Engineers, 1934- 
1935, pp. 147-152). Short notes on fatigue testing machines of 
recent origin are given. 

An Electromagnetic Fatigue Tester. (Engineering, 1935, 
vol. 140, Oct. 11, p. 406). 

New Fatigue Tester. (Iron and Coal Trades Review, 1935, 
vol. 131, Aug. 23, p. 275). In this apparatus—developed by 
Salford Electrical Instruments, Ltd.—the sample bar is supported 
at its two nodes and vibrated electromagnetically so that it 
resonates. By measuring the deflection at an antinode the applied 
stress can be calculated. When fracture occurs a trip is operated 
and the machine stops. The tester is designed for steel bars 18 in. 
long, though other sizes may be dealt with. 

Notes on Fatigue Tests on Rotating-Beam Testing Machines. 
(American Society for Testing Materials, 1935, Preprint No. 25, 
pp. 3-10). These notes cover tests made on rotating-beam 
testing machines of either the centrally loaded or the cantilever 
type. 

Effect of Occasional Overload on the Strength of Metals. 
H. F. Moore. (Metals and Alloys, 1935, vol. 6, June, p. 144). 
Brief comments on the strength of metals as related to the en- 
durance limit under fatigue and the degree of overstressing 
are presented. 

Damping Capacity. A Factor in Fatigue. G. R. Brophy. 
(American Society for Metals, Oct., 1935, Preprint No. 12). 
The damping characteristics and endurance properties of several 
steels in several conditions of heat treatment were determined 
and an attempt was made to correlate these properties. The 
damping capacity appears to be related to the damage resulting 
to the steel from overstress and notches. High damping steels 
are resistant to sharp notches, but not to overstress, while low 
damping steels are resistant to overstress, but sensitive to notches. 
A limiting damping capacity, it is believed, for different notches is 
recognised. Below this limit, extreme notch sensitivity occurs. 
Several factors influencing these properties were studied, including 
grain-size and structure. 

The Damping Capacity of Crankshaft Steels in the Cold and 
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Hot Condition as Supplied and in Continuous Service. A. Appen- 
rodt. (Mitteilungen aus dem Wohler-Institute, Braunschweig, 
1935, No. 24: Stahl und Eisen, 1935, vol. 55, Sept. 5, pp. 964—- 
965). The results of fatigue tests and determinations of the 
damping capacity of -sixteen steels of various compositions 
usually employed for the fabrication of crankshafts, are recorded ; 
the tests were made at room temperature, at 75° and at 120°, 
representing the highest temperature at which crankshafts might 
be expected to work. 

Endurance of Case-Hardened Gears. O. W. McMullan. 
(American Society for Metals, Oct., 1935, Preprint No. 10.) The 
author describes the results of dynamometer breakdown tests 
of rear axle drive gears and pinions. Tests on oil-hardened and 
several case-hardened steels are given. Comparisons of results 
are made with physical properties obtained on laboratory test 
specimens. The conditions of service make it necessary for the 
pinion to resist softening due to high operating temperatures at the 
tooth contacts under conditions of partial lubrication, whereas the 
gear is better cooled and lubricated and requires a strong steel 
with good wear resistance at lower temperatures. Wear was 
found to be excessive on medium-carbon, oil-hardened steel. 
S.A.E. 4615 steels directly quenched gave good results in pinions, and 
double-treated Krupp and §.A.E. 4820 steels in gears gave the 
best results among those steels tested. 

Calculation of the Notch Fatigue Strength from the Tensile 
Strength and Reduction of Area. G. Erber. (Archiv fiir das 
Kisenhiittenwesen, 1935, vol. 9, Aug., pp. 95-96). On the basis 
of the assumption that both the tensile strength and the deform- 
ability must be of influence on the notch fatigue strength the 
author has developed a formula for the approximate calculation 
of the notch fatigue strength, in which the latter is equal to the 
product of the tensile strength and reduction of area (representing 
the deformability) multiplied by a constant (which varies with 
the shape of the notch). On checking the formula with data 
given in the literature it was found that where the deformability 
factor did not exceed a certain value the notch fatigue limit 
under alternating bending stresses could be calculated sufficiently 
accurately. Whether the formula can be used for calculating 
the fatigue strength of welds remains to be determined ; in this 
case it is suggested that the bending angle obtained in the folding 
test should be used instead of the reduction of area. 

The Load-Deflection Fatigue Test. A Critical Investigation of 
its Application to Steels. J. W. Cuthbertson. (Iron and Steel 
Institute, Carnegie Scholarship Memoirs, 1935, vol. 24, pp. 1-50). 
Numerous tests on five different ferrous materials have been 
carried out with the object of checking the validity of fatigue 
determinations based on observations of the alteration in deflec- 
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tion of a Wohler specimen subjected to a steadily increasing load. 
Comparison with the results of endurance tests shows that, for 
the materials examined, the discrepancy between the true 
endurance limit and the rapidly found value is of negligible 
magnitude, provided that the latter test is conducted according 
to a fixed routine. Important considerations are a preliminary 
running under load for several hundred-thousand reversals, and 
a continuous, as distinct from intermittent, load variation. The 
extent of deviation from linearity which the load-deflection curve 
shows at the proportionality yield is greater in the case of a 
tapered specimen than with one of tubular cross-section, owing 
to the maximum stress in the latter case being concentrated in a 
relatively small area of the bar. Tests have been carried out at 
temperatures up to 300° C., and there is no evidence to indicate 
that the accuracy of the rapid test is adversely affected in conse- 
quence of heating of the specimen. By applying a fixed load to 
the end of the rotating bar and noting the change in deflection 
with time, the frequency of stress variation being constant, 
typical curves are obtained, the form of which depends primarily 
upon whether the stress is above or below the fatigue stress, 
but not essentially on the material or its temperature. Assuming 
that the fatigue limit is not exceeded, a point in common with 
all these curves is the tendency for the deflection ultimately to 
assume a constant value, although in some cases an initial increase 
in deflection is followed by a gradual decrease, the progress of 
which is not entirely arrested even after 10’ stress reversals. 
From the point of view of the load-deflection test, the condition 
of the material is ideal after the specimen has been run under a 
stress in the vicinity of the fatigue stress for a period of time of 
sufficient duration for the deflection to reach either a constant 
or a maximum value. The form of the constant-stress curve 
suggests a possible alternative method of rapid fatigue determina- 
tion. 

High-Speed Fatigue Tests of Several Ferrous and Non-Ferrous 
Metals at Low Temperatures. W. D. Boone and H. B. Wishart. 
(American Society for Testing Materials, 1935, Preprint No. 36). 
The authors present the results of a number of low-temperature 
high-speed fatigue tests. Two cantilever fatigue machines, 
developed at the University of Illinois, using 12,000 r.p.m. series 
motors, were used in the tests. A description is given of the 
machines and their operation at temperatures that varied from 
+ 80° F. to —55° F. Unnotched specimens were used to give 
maximum endurance limits for the materials, while notched 
specimens were used to show the effect of stress concentration. 
The endurance limits of duralumin, brass, cast iron, meehanite 
cast iron, cold-drawn steel, and rail steel were determined at 
temperatures of + 80°F., + 10° F., -20° F. and -40°F. In 
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general, as the temperature was decreased the endurance limits 
of the metals increased. The stress concentration factors showed 
no consistent change. 

The Yield of Steel Wire Under Stresses of Very Small Duration. 
W. Mason. (Proceedings of the Institution of Mechanical En- 
gineers, 1934, vol. 128, pp. 409-438). A steel wire 53 ft. long 
was suspended vertically from a fixed point. Near its lower end 
a stop was soldered to the wire ; a tup, sliding on the wire, was 
allowed to fall on to the stop from appropriate heights. Waves 
of tensile stress were thus sent up the wire and reflected at 
the fixed top. Extensions were measured on certain gauge lengths 
at the top of the wire. The form of the wave front was inferred 
from these measurements and from the corresponding distances 
travelled by the stop; the stresses were calculated from the 
extensions. The impacts of the tup on the stop were repeated 
after heat treatment, at a normalising temperature, of the middle 
part of a 4-in. gauge length. The static yield being 16-3 tons 
per sq.in., a yield was found with a wave rising from 3-4 to 28-7 
tons per sq. in., in 1-25 x 10-4 sec. and falling again to 3-4 tons 
per sq. in. after a further 0-45 x 10-* sec. Yields above the 
static yield, but lower than the yield just mentioned, were 
found with waves of less intensity but of longer duration. A 
limiting “higher” yield stress for indefinitely small duration 
of the stress is inferred. This limiting stress for the wire as 
normalised was about 30 tons per sq. in., the maximum stress 
in static tension being 24-8 tons per sq. in. The results are 
discussed with reference to the “ higher”? and “lower” yield 
stresses. 

Influence of Fillets on Stepped Shafts on the Bending Fatigue 
Strength. E. Lehr and R. Mailainder. (Zeitschrift des Vereines 
deutscher Ingenieure, 1935, vol. 79, Aug. 17, pp. 1005-1011 : 
Archiv fiir das Eisenhiittenwesen, 1935, vol. 9, July, pp. 31-35). 
The present investigation forms part of a larger research, under- 
taken by the Verein deutscher Eisenhiittenleute and the Verein 
deutscher Ingenieure, to provide the necessary basic data for 
more precise calculations in the design of machinery. The 
authors present the results of alternating bending (rotational) 
fatigue tests on three steels—one being St50.11, and the others 
a chromium-nickel-tungsten and a nitriding steel, respectively— 
the mechanical properties of which differed widely. The results 
show how great is the influence of the radius of the fillet in stepped 
shafts ; they also demonstrate the effect due to the ‘size of the 
test-piece in any given range. Other tests now in progress will 
confirm and extend these findings, but much research remains 
yet to be done. 

The Relation of Fatigue to Modern Engine Design. R. A. 
MacGregor, W. S. Burn,-and F. Bacon. . (Transactions of the 
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North East Coast Institution of Engineers and Shipbuilders, 
1934-35, vol. 51, pp. 161-228). This paper is in three parts. 
In Part I. a number of cases of failure of marine engine parts— 
notably tailshafts, crankshafts, and so forth—are cited, and it 
is shown that these failures may be considered to have been 
initiated by corrosion-fatigue, impact at a stress raiser, heavy 
impact, or stress concentration arising from a variety of causes. 
Finally, the published experimental work on the subject of dis- 
continuities is discussed, and it is shown that further work on 
this subject is necessary. Part II. deals with the problem of 
design, especially the avoidance of stress-raisers and of corrosion- 
fatigue. In the last section the evolution of certain modern 
ideas on elasticity and fatigue is noted. It is pointed out that 
notch-toughness and high internal damping tend to be related. 
Reference is made to the size effect and crack spread. A _biblio- 
graphy of 221 references is appended. 

The Effect of Heavy Oils and Greases on the Fatigue Strength 
of Steel Wire. R. Goodacre. (Wire and Wire Products, 1935, 
vol. 10, Oct., pp. 473-475). Fatigue experiments were performed 
on wire subjected to the influence of heavy oils and greases, the 
machine used being a Haigh-Robertson fatigue-testing machine. 
The fatigue strength of the steel wire was increased by being 
coated with heavy oil or grease. The fatigue properties increased 
with increasing viscosity of the oil up to a certain point, after 
which there was a marked fall. The author is of the opinion 
that this cannot be solely attributed to the exclusion of oxygen 
from the surface of the wire, but that the oil (or grease) may 
have the effect of filling up the surface blemishes and so improving 
the fatigue strength of the wire. To discover whether this was 
so, tests were made on polished material. Polishing was found 
to enhance the fatigue strength, and this was further slightly 
increased by immersion in oil. Furthermore, the endurance of 
overstressed material was found to be raised by the presence 
of oil. 

Some Aspects of the Fatigue Properties of Patented Steel 
Wires. II.—Note on the Effect of Low-Temperature Heat Treat- 
ment. E. T. Gill and R. Goodacre. (Iron and Steel Institute, 
Sept., 1935: this Journal, p. 143). 

Fatigue Tests on a Safety Type Hook. H. J. Gough and D. G. 
Sopwith. (Engineering, 1935, vol. 140, July 26, pp. 101-102). 
Results of tests on a special safety hook for cranes are recorded. 
The essential feature of the hook is a spring tongue which closes 
the open side of the hook and prevents the sling from becoming 
detached, or the point of the hook from fouling. In one design 
of hook sharp angles were introduced where the tongue was 
housed in the open position. When tested under repeated loading 
failure occurred.at this weak point. The fatigue limit was 3] tons. 
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In a modified design the sharp angles were radiused, and the 
fatigue limit improved to 3} tons. The tests were carried out 
in a Haigh electro-magnetic fatigue testing machine of 6 tons 
capacity, using cycles of repeated unidirectional loading. 

The Examination of Bridges from the Point of View of Mani- 
festations of Fatigue by the Determination of the ‘‘ Factor of 
Elasticity.”? A. Buchwald. (Génie Civil, 1935, vol. 107, Aug. 24, 
pp. 185-186). The author criticises the usual method of deter- 
mining the behaviour of bridges under dynamic loading by 
reference to the resistance offered by girders under alternating 
stresses, and advocates the use of a “ factor of elasticity,” the 
purpose of which is to allow for the possibility that the elasticity 
of the structure is not perfect. The author considers that for the 
materials of construction, particularly steels, used in bridge work, 
larger safety factors should be adopted than are now usual, 
because the stresses imposed by vibration and dynamic effects 
are greater than is revealed by fatigue tests in the laboratory. 

Rear Axle Gears: Factors which Influence their Life. J. O. 
Almen and A. L. Boegehold. (American Society for Testing 
Materials, 1935, Preprint No. 27). The authors describe a series 
of endurance tests carried out on rear axle gears, which show 
that gear tooth failures may be plotted on the familiar S/N curve 
when the gear stresses are properly calculated. It is also shown 
that the Lewis formula for calculating gear tooth stress leads 
to serious errors. It is indicated that the chief benefit obtained 
from the use of alloy steels is the reduction in the amount of 
distortion, which results in lower stress concentration through 
more uniform tooth contact. The results of rotating-beam plain 
and notched-bar fatigue tests of several gear steels are also 
presented. 

Spark Testing. (Iron Age, 1935, vol. 136, Sept. 26, pp. 32-37 ; 
Oct. 3, pp. 22-24). The spark-test characteristics of a number 
of the more important American 8.A.E. steels are described and 
illustrated by spark-test photographs. The equipment required 
for carrying out the tests consists of a small high-speed electric 
grinder, coloured glasses for the operator, and an enclosed space 
to give semi-darkness. The spark streams of most plain carbon 
and alloy steels of the type used in automobile and engineering 
work are sufficiently distinctive to enable sorting to be carried 
out on that basis. 

The Diffusion of Gases Through Metals. (Metallurgist, 1935, 
Oct. 25, pp. 68-71). This article constitutes a summary of a 
paper by C. J. Smithells and C. E. Ransley on the above subject 
(Proceedings of the Royal Society, May 1, 1935). These investi- 
gators measured the rates of diffusion of various gases through 
nickel, copper, molybdenum and iron tubes. The effects of tem- 
perature, pressure and surface condition were studied. In the 
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light of their results the authors consider that diffusion must 
be preceded by adsorption, and that both dissociation of the 
molecules and adsorption play a part in the phenomena observed. 

The Use of Titanium in Alloying. (Metallurgist, 1935, June, 
pp. 47-48). Reference is made to the use of titanium as a de- 
oxidising agent and age-hardening element, and to its affinity 
for carbon. To this latter property may be attributed the inhibi- 
tion of weld-decay in chromium steels containing titanium. The 
use of titanium in non-ferrous alloys is also considered. 

Zirconium and its Uses. L. Sanderson. (Sands, Clays and 
Minerals, 1935, vol. 2, June, pp. 47-50). Zirconium is a rare 
element which takes its name from the orthosilicate, zircon 
(ZrSiO,). Baddeleyite, the natural oxide of zirconium, is more 
common than zircon, and is the principal source of the metal. 
The extraction of the pure metal is rather difficult, as the oxide 
is very stable. Perhaps the most important use for zirconium 
is in the alloy ferro-zirconium, manufactured by the reduction 
of a mixture of zirconium and iron ores in the electric furnace. 
It contains from 30 to 40 per cent. of zirconium, together with 
small amounts of carbon, aluminium and titanium. Ferro- 
zirconium alloys can be used for electric lamp filaments and spark 
points. The oxide zirconia is highly refractory, and is used for 
muffles, crucibles and furnace linings. Ferro-zirconium may be 
used as a scavenger in steel, but does not seem to have any 
advantages over ferro-titanium in this respect. 

The Properties of Some Low-Nickel Steels Containing Manganese. 
R. H. Greaves. (Iron and Steel Institute, Sept., 1935: this 
Journal, pp. 99). 

Aluminium in Modern Commercial Steels. H. W. McQuaid. 
(Iron Age, 1935, vol. 136, Oct. 10, pp. 20-27; Oct. 17, pp. 28-34, 
84-88). The author follows some introductory remarks on the 
influence of aluminium on the grain-size of steel with a short 
sketch of the historical development of grain-size control, and 
then proceeds to discuss the results of some investigations on 
aluminium as a deoxidiser and grain-size control. He shows that 
aluminium not only allows the structure of the steel to be regu- 
lated, but that in this way the correct grain-size to give the best 
response to quenching and normalising and to confer the 
greatest toughness and hardenability (when carburised) may 
be established. Manganese affects the hardenability of quenched 
low- and medium-carbon steels; the influence of manganese, 
with or without aluminium additions, is represented in a series 
of diagrams. The effect of aluminium in refining the grain of 
steels is usually attributed to the submicroscopic particles of 
alumina dispersed throughout the molten steel. There are, the 
author points out, circumstances which suggest that this is not 
a sufficient explanation, and that other causes may be operative. 
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Thus it seems possible that it is the excess aluminium, over that 
required for deoxidation, which is responsible for its effect on 
the structure of the steel ; this is borne out by the fact that both 
silicon and manganese, when used as deoxidisers, require the 
use of less aluminium. The author concludes with an examination 
of the effect of aluminium on the hardenability ; in this connection 
he advances the theory that the aluminium influences the coales- 
cence of the carbides precipitated during the austenite transform- 
ation. 

The Development and Uses of Low Alloy High Tensile Steels. 
A. E. Gibson. (Journal of the American Welding Society, 1935, 
vol. 14, Sept., pp. 2-8). Attention is drawn to the economies 
made possible by the adoption of high-tensile low-alloy steels 
containing small proportions of copper, nickel, chromium, mangan- 
ese, silicon and molybdenum, in place of the usual low-carbon 
steels. Special reference is made to their use in welded con- 
structions. 

The Development of High-Tensile Steels in Various Countries. 
J. Welter. (Ossature Métallique, 1934, vol. 3, pp. 573-586: 
Stahl und Eisen, 1935, vol. 55, July, pp. 736-737). The author 
reviews the high-tensile steels that have been developed in various 
countries ; he gives a table showing the average compositions 
of a number of the more important steels. 

A New High Speed Steel. F. Garratt. (Metal Progress, 1935, 
vol. 27, pp. 38-43). A high-speed molybdenum steel with proper- 
ties comparable to those of the familiar tungsten steel containing 
18 per cent. of tungsten, 4 per cent. of chromium, and 1 per cent. 
of vanadium, is described. The chemical analysis of a typical 
specimen of the new alloy is: Carbon 0-76, manganese 0-30, 
silicon 0-30, tungsten 1-60, molybdenum 7-90, chromium 3-85, 
and vanadium 1-10 per cent. The heat treatment is similar to 
that adopted for tungsten steels, and any tendency towards the 
development of a soft skin may be eliminated by using borax 
as a protective film ; the articles should be dipped into a strong 
solution of borax before being transferred to the heat-treatment 
furnace. Molybdenum tool steel is claimed to be tougher and 
harder than the standard 18/4/1 alloy. It is marketed under the 
trade name “ Motung.” 

New Steel Has High Machinability and Unusual Carburising 
Properties. (Steel, 1935, vol. 97, Aug. 19, p. 28). Sponsored by 
the Monarch Steel Corporation, Indianapolis, U.S.A., the new 
steel is a high, sulphur-high-manganese, low-carbon steel, known 
as Speed Case. It is said to be highly machinable and readily 
carburised ; for the cold-drawn state in which it is usually 
marketed a tensile strength of 85,000 lb. per sq. in., an elongation 
on 2 in. of 26 per cent., and an Izod value of €0-80 ft.-lb. are 
claimed. 
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Bright and Free-Cutting Steels. R.T. Rolfe. (Iron and Steel 
Industry, 1935, vol. 8, May, pp. 315-318; June, pp. 341-345). 
The use of bright bars and strip carries with it many advantages, 
notably a reduction in machining costs owing to the absence 
of scale. The cold-work which the bright steel undergoes in the 
process of cold-drawing or rolling usually improves the ultimate 
strength but may seriously diminish the impact figure. Cold- 
work tends to divorce the pearlite, and when such material is 
subjected to improper heat treatment the cementite coalesces 
and a low impact value results. Hard-drawn material should be 
normalised in order to obtain adequate shock resistance. Free- 
cutting steels usually have comparatively high phosphorus or 
high sulphur and manganese contents. By the use of these steels 
a considerable reduction in machining costs may be obtained ; 
if, however, the free-cutting qualities are gained by introducing 
phosphorus the resultant material may be completely lacking 
in resistance to shock ; this is especially the case if the steel is 
also finished by cold-drawing. Many failures may be attributed 
to the use of bright-drawn free-cutting steels which have not 
received the proper normalising treatment. High phosphorus 
in a steel is likely to give rise to a weak banded structure, together 
with pearlite coalescence. Normalising, followed by oil-quenching, 
may be necessary to correct this. Free-cutting properties in a 
steel may be obtained by using increased sulphur and manganese 
contents, and such steels generally have a more satisfactory 
impact resistance. 

Free-Machining Selenium-Containing Alloy Steels Covered 
by Patents. (Steel, 1935, vol. 97, Aug. 12, pp. 39-40). Patents 
covering the use of selenium in alloy steels have been granted 
to the Carpenter Steel Co., Reading, Pa., U.S.A. It is claimed 
that selenium imparts free-machining properties, and that it is 
superior to sulphur in this respect; however, it is admitted 
that the high cost constitutes a disadvantage, and, so far, the 
experiments have been confined to electric steels. 

Modern Alloys in Marine Engineering and Shipbuilding. 
J. W. Donaldson. (Metal Treatment, 1935, vol. 1, Summer 
Number, pp. 59-62). The author discusses the uses and appli- 
cations of special steels, cast irons and non-ferrous alloys for the 
construction of ships’ hulls, marine boilers, steam reciprocating 
engines, turbines, oil engines and auxiliary machinery. 

Alloy Steels for Aircraft Construction. W. H. Hatfield. 
(Metallurgia, 1935, vol. 12, June, pp. 45-48). The author com- 
mences with a reference to the importance of proof stress, fatigue 
stress and ductility, from the point of view of safety, and proceeds 
to survey the range of materials available for aircraft construction. 
Tables giving the strength/weight ratios, and, in the case of ferrous 
alloys, the physical properties, heat treatment, and chemical 
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composition, are reproduced, and the applications of a number 
of these steels are shortly considered. 


Nickel Alloys in Automobile Construction. J. A. Rvbbitt. 
(Japan Nickel Review, 1935, vol. 3, July, pp. 292-362). A 
survey is given of the many uses to which nickel steels are put 
in the fabrication of motor vehicles. The examples are mainly 
drawn from English and American practice, and include steels 
employed for engine, transmission, chassis and bodywork details. 
In each case the composition, mechanical properties and service 
duty are cited. The composition and properties of nickel alloy 
cast irons are quoted, and examples of the application of this 
material to cylinder heads, crankshaft and camshaft castings, 
and brake drums are furnished ; the melting and heat treatment 
practice is also given. Brief attention is devoted to certain 
non-ferrous nickel alloys. The data are summarised in tables 
dealing with the specifications, performance requirements, 
mechanical properties and heat treatments of nickel-alloy steels 
and cast irons. 

Nickel Alloys in Three-Wheel Delivery Cars. H. Okuda. 
(Japan Nickel Review, 1935, vol. 3, July, pp. 398-404). The 
importance of nickel alloys, and especially nickel cast iron, in 
the successful development of three-wheeled motor vehicles, 
is indicated. 

Nickel Alloys used in General Motors’ Products in Japan. 
S. E. Dithmer. (Japan Nickel Review, 1935, vol. 3, July, pp. 
363-367). The principal parts into which nickel enters as an 
alloying element, in the production of motor cars by the General 
Motors Corporation, are briefly enumerated. 


Alloy Sheet Steel (Copper-Nickel-Molybdenum). H. L. Miller. 
(Metal Progress, 1935, vol. 28, July, pp. 28-31, 70). The properties 
and applications of a copper-nickel-molybdenum steel sponsored 
by the Republic Steel Corporation are dealt with. This steel 
is marketed in strip or sheet form, and has the following analysis : 
Manganese 0-50 to 1-00, copper 0-50 to 1-50, nickel 0-40 to 
0-80 per cent., and molybdenum 0-20 per cent. (max.). Two 
grades are made, one containing 0-12 per cent. of carbon, and the 
other 0-30 per cent. In the form of plate the low-carbon material 
gives an ultimate strength of 80,000 lb. per sq. in., a yield point 
of 70,000 Ib. per sq. in., and an elongation on 2 in. of £0 per cent. ; 
the medium-carbon steel has an ultimate strength of 90,000 Ib. 
per sq. in., a yield point of 70,000 lb. per sq. in., andsan elongation 
of 20 per cent. on 2in. The nickel and copper are added to 
strengthen the ferrite, and the molybdenum to refine the grain 
and retain the copper in solution. It is possible to work, weld, 
and fabricate nickel-copper-chromium steel sheet quite readily, 
and its good resistance to corrosion is an additional advantage. 
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Manganese Steel in Crushing Machines. W. B. Pickering. 
(Sands, Clays and Minerals, 1935, vol. 2, June, pp. 73-80). 
Crushing machines in which manganese steel is employed for 
parts required to withstand severe abrasion are described. These 
machines include, single toggle breakers, roll crushers, gyratory 
crushers and disc crushers. 

Copper Steel Castings. (Metallurgist, 1935, Aug., pp. 58-60). 
A summary in English of a paper by E. Séhnchen and E. Piwo- 
warsky which appeared in Die Giesserei, 1935, vol. 22, Mar. 1, 
pp. 96-100, is provided. (See Journ. I. and §.I., 1935, No. I. 
p. 492.) 

Steel Castings in Mining Operations. J. A. de Bondy. (Cana- 
dian Mining and Metallurgical Bulletin, 1935, No. 281, Sept., 
pp. 453-457). Some notes on the materials used for steel castings 
in mining practice are provided, manganese steel being the 
material chiefly dealt with. 

The Influence of the Material on the Life and Economy of 
Mine-Filling Blast Pipes. K. Bax. (Gliickauf, 1935, vol. 71, 
Sept. 21, pp. 913-917). Ludwig and Pande, in two recent publi- 
cations, have come to the conclusion that for mine-filling blast 
pipes the most suitable and economical material is ordinary 
weldless steel tube with a tensile strength of 55-65 kg. per sq. 
mm., and that all other kinds of pipe material, particularly 
hardened steel, increase the cost of mine-filling by this method 
excessively. The present author points out that this conclusion 
is unexpected, having regard to the superiority of hardened parts 
for wear resistance in most other cases. He submits Pande’s 
test results to critical examination ; it is clear that, whilst hardened 
steel tubing was very much more wear-resistant on the testing 
machine, yet, nevertheless, in tests underground the use of 
hardened tubes appeared uneconomic; certainly the life of the 
hardened tubes exceeded that of the unhardened ones, but, 
according to Pande, this was insufficient to balance their higher 
first cost and, so resulted in an increase in the cost of gobbing. 
The author then gives consideration to the possibilities of error in 
the results of Ludwig and Pande, and concludes that their work 
does not provide a final decision as to the economy of the various 
materials for mine-filling blast pipes. 

Wire Ropes. (Colliery Guardian, 1935, vol. 151, Aug. 2, 
pp. 197-198; Aug. 9, pp. 242-244; Aug. 23, pp. 332-333). 
These articles contain information derived from the Fifth Report 
of the Wire Ropes Research Committee of the Institution of 
Mechanical Engineers. Among the subjects dealt with are: 
Rope speed ; lubrication; flattened strand ropes; the relation 
between pulley, wire and rope diameters ; and the effect of the 
tensile strength of the wire on the life of the ropes. The results 
of the tests which were carried out are reproduced. An investiga- 
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tion on the effect of lubricants revealed that dry ropes generally 
possess a superior endurance. Data on the coefficient of friction 
of lubricated and non-lubricated ropes are alse given. 

The Deterioration of Haulage Ropes in Service. S. M. Dixon 
and M. A. Hogan. (Mines Department, Safety in Mines Research 
Board, Paper No. 92, 1935). The authors report the results of an 
investigation of the causes of failure of haulage ropes (used for 
hauling men), and indicate the relative importance of the various 
factors which caused the deterioration of the ropes. The circum- 
stances attending the breakage of the ropes are briefly considered, 
special attention being called to those which were of an unusual 
character. Precautions are suggested for the prevention of the 
occurrence of similar failures, and the practical conclusions arrived 
at during the investigation are set out in such a manner as to be 
of assistance to colliery managers in the selection, installation 
and maintenance of haulage ropes and in the capping of such 
ropes. The rope failures are dealt with in detail, grouped according 
to whether the failure of the rope, as judged by the tested samples 
and the results of mechanical tests, was found to be due to wear, 
corrosion or capel failure. 

Economical Selection of Sucker Rods. B. B. Wescott and C. 
Norman Bowers. (Transactions of the American Institute of 
Mining and Metalluigical Engineers, 1935, vol. 114: Metals 
Technology, 1935, vol. 2, June). This article refers to the 
selection of the materials available for the pumping rods of 
oil wells. The types of oil-field met with may be divided into 
(1) non-corrosive, (2) corrosive, non-sulphide, (3) corrosive, 
sulphide. Satisfactory sucker-rods for non-corrosive wells may 
be readily obtained, but the same is not equally true of the 
other types of well. The authors supply figures for the relative 
cost, chemical composition, physical properties, and corrosion- 
fatigue limits (when subjected to the action of hydrogen sulphide), 
of a number of typical sucker-rod materials. Data giving the 
degree of embrittlement under hydrogen sulphide are furnished, 
and stress-concentration factors for notched specimens are 
also reproduced. On the basis of their results the authors 
suggest that the pump rod material should have a yield point of 
50,000-60,000 Ib. per sq. in. in order to permit the redistribution 
of local stress where corrosion pits occur, and that the carbon 
content should be below 0-10 per cent., so as to secure maximum 
toughness. An empirical formula has been deduced relating the 
yield point, sulphide corrosion-fatigue limit, and operating con- 
ditions, and indices have been calculated for each material. 
Finally, the sucker-rod materials are classified according to the 
service conditions to be met. 

Low Alloy Steels for Oil Refinery Service. R. L. Wilson. 
(Metal Progress, 1935, vol. 28, Sept., pp. 29-33). Steels containing 
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from 1 to 6 per cent. of chromium are largely employed for oil 
refinery work. With up to about 2 per cent. of chromium the 
steel exhibits a relatively greater resistance to corrosion by crude 
oil, compared with the amount of chromium present, than steels 
of higher chromium content. ‘The resistance of chromium steels 
is greatly improved by the addition of silicon ; a steel containing 
2-75 per cent. each of silicon and chromium is the equivalent of 
a 5 per cent. chromium 1-25 per cent. silicon steel in this respect. 
If temper-brittleness is to be avoided a molybdenum-chromium 
steel with 0-5 per cent of molybdenum should be employed ; 
this element also improves the creep strength. Of the steels 
suitable for use in oil refinery work the following low-chromium 
steels have been found useful: A non-air-hardening, high creep- 
strength steel containing carbon 0-15, silicon 0-75, chromium 
1-25 and molybdenum 0-50 per cent. ; and a steel with a similar 
analysis but having double the quantity of chromium. 

Materials Used in Oil-Refinery Pumps. A. E. Harnsberger. 
(American Institute of Mining and Metallurgical Engineers, 1935, 
Technical Publication No. 631). The materials are considered 
under the following headings: General service pumps; pumps 
used on distillation and cracking equipment, handling oils at up to 
200° F.; pumps for service at up to 900° F. ; pumps used on gas 
absorption plants ; sludge acid pumps ; pumps for miscellaneous 
processes, In each case the materials (ferrous and non-ferrous) 
used for the various parts of reciprocating, rotary and centri- 
fugal pumps, are described. 

Some Mechanical and Metallurgical Aspects of Present-Day 
Oil-Production Equipment. A. G. Zima. (American Institute 
of Mining and Metallurgical Engineers, 1935, Technical Publica- 
tion No. 633). The steels used for items such as rock drill and 
reamer cutters, rotary machine gears, bodies for drills, reamers, 
&e., are discussed, with reference to their suitability for the 
tasks they are required to perform. 

Note on the Use of Link Pins of 12-14 per cent. Manganese 
Steel in the Bucket Chains of Dredgers. A. Caulle. (Arts et 
Métiers, 1935, vol. 87, Aug., pp. 166-175). The author gives an 
account of researches made to discover the cause of the premature 
breakage of link pins, made of 12-14 per cent. manganese steel, 
in the bucket chains of certain dredgers, at a time when the 
degree of wear was still insufficient to require their replacement. 
He concludes that the principal cause lay in the fact that pins 
which, owing to the shape of their heads, are capable of rotating, 
are submitted to alternating bending, which flexure is sufficient 
to deepen the minute cracks forming on the cold-worked surface 
of the pins. He recommends that such designs of pins should 
be prohibited ; when using 12 per cent. manganese steel, care 
should be taken that the wearing parts are subjected to pressure 
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only, without alternating bending, as the latter causes the de- 
terioration of the superficial cold-worked surface—a character- 
istic of this type of steel. 

Alloy Steels for Boiler Drums and Superheaters. G. K. Herzog. 
(Blast Furnace and Steel Plant, 1935, vol. 23, Aug., pp. 554-556, 
574). The author remarks that the high temperatures which now 
obtain in boiler practice necessitate attention being given to the 
strength at elevated temperatures, especially the creep strength, 
of carbon and alloy steels. He considers the properties of the latter 
in more detail, with respect to the alloying elements employed. 

Developing Alloy Steels for High-Pressure Boilers and Pressure 
Vessels. L. P. McAllister. (Steel, 1935, vol. 97, Aug. 5, pp. 30- 
33, 48). It is shown that the demands of the welder, coupled 
with an increase in boiler pressures, have directed attention 
towards the alloy steels. The advantages of low-alloy steels 
containing nickel, manganese, vanadium and molybdenum are 
stressed, and examples of their use are quoted. 

Modern Materials for High-Pressure Boiler and Pressure 
Vessels. L. P. McAllister. (National Boiler and Pressure Vessel 
Inspectors, Chicago, May 16, 1935: Iron Age, 1935, vol. 135, 
June 6, pp. 24-26, 108, 110, 112). Designers tend more and 
more to favour the adoption of high-strength materials for pressure 
vessels ; this involves an improvement in tensile strength from 
about 55,000 Ib. per sq. in. to 75,000 lb. per sq. in., and, generally, 
a corresponding increase in the carbon content of the steel. There 
is a limit to the extent to which the strength of plain carbon steel 
may thus be raised, and in order to retain the advantages associated 
with the use of high-tensile steel recourse must be had to alloys. 
Alloy steels enable superior high-temperature creep, fatigue, im- 
pact and corrosion-resistance properties to be obtained, in addition 
to a reduction in the weight of the finished article and, possibly, 
in the cost of fabrication. Such steels contain nickel, chromium, 
silicon, molybdenum and vanadium, quite small amounts of these 
elements serving markedly to improve the physical properties of 
a normal low-carbon steel. Thus, a 2 per cent. nickel steel (75,000 
lb. per sq. in. tensile strength) has been used to advantage in 
canadian locomotive construction. Manganese-vanadium and 
carbon-molybdenum steels are also useful low-alloy materials. 

Cause of Fissures in Riveted Boiler Drums. R. Rist. (Zeit- 
schrift des Vereines deutscher Ingenieure, 1935, vol. 79, June 29, 
pp. 812-813). The author has examined a number of cases of 
fissuring in boilers in an attempt to diagnose their cayse. Features 
for observation were (a) the position of the fissures, (6) the form 
of the fractured surface, and (c) the path of the fracture through 
the metallographic constituents of the metal. No regularity in the 
positions at which fracture occurred was observed ; fatigue alone, 
therefore, could not be the cause of all of them, as in that case 
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they would always have been found in similar positions, where the 
stresses were greatest. In general, the types of fracture could be 
divided into two groups: (1) Fractures with a granular structure 
in riveted joints and shell plates, and (2) fractures with a smooth 
grainless structure of the fatigue type in bottom flanges; at the 
same time, one of the fractures in a riveted joint showed clear 
evidence that it was a fatigue fracture. The first type of fracture 
was usually ramified and ran through the grain boundaries, 
whereas the second type usually followed a straight path. The 
starting point for the first type of fracture was frequently a cavity 
in the interior of the metal. The author concludes that in the 
process of fracturing at riveted joints and in shell plates, the effect 
of intercrystalline corrosion is more important that that of fatigue. 

Relation of Chemical Composition to the Rail Fissure Problem. 
E. Cook. ' (Transactions of the American Society for Metals, 1935, 
vol. 23, June, pp. 545-555). The author discusses certain aspects 
of the problem of rail fissuration, with special reference to the 
influence of composition and low temperatures. 

Contribution to Knowledge of the Changes with Time of the 
Mechanical Properties of Newly-Rolled Rails, Particularly of 
Basic Bessemer Steel. F. Korber and J. Mehovar. (Mitteilungen 
aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1935, vol. 
17, No.7, pp. 89-105). During the determination of the mechanical 
properties of newly-rolled and straightened open-hearth steel rails, 
it was observed that the properties varied considerably according 
to whether the tensile specimens were pulled immediately after 
rolling or after an interval; storage caused a considerable rise 
in the elongation and reduction of area. This phenomenon was 
examined further; tests were made on basic Bessemer silicon- 
bearing steel rails (8.49), with a tensile strength of 70-77 kg. per 
sq. mm., and, for comparison, on open-hearth steel rails of the 
same silicon content (about 0-85 per cent.), tensile strength and 
profile. The investigation was directed primarily to the deter- 
mination of the changes in the yield point, tensile strength, 
elongation and reduction of area. In addition to observing the 
magnitude, the changes with time and the possibilities of influenc- 
ing the mechanical properties, the authors have also sought for an 
explanation of the facts noted. 

In tests regarding the influence of the period of storage and of 
tempering (which had a parallel effect) on complete rail sections 
and on finish-machined specimens (of both unstraightened and 
straightened rails of basic Bessemer and, to some extent, open- 
hearth rails), it was found that: (a) Annealing the specimens at 
200° to 600° C. resulted in an immediate improvement of the 
properties ; (b) on storing the test-pieces, the improvement set in 
after days or weeks ; and (c) on storing the entire rails, the pro- 
perties required months to become stable. The attainment of the 
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best values by storage proceeded more slowly in open-hearth than 
in basic Bessemer rails. 

In contradiction to the opinion expressed in the literature, the 
rolling and cooling stresses, likewise the cold-straightening stresses, 
had very little influence on the phenomena ; on the contrary, it 
is conjectured that the cause of the changes of properties on storage 
or on tempering lies in the equalisation of structural stresses. This 
supposition is supported by the fact that, except for changes 
observed after a hot-deformation (-rolling) treatment, the same 
time- and temperature-dependent improvements were found after 
a recrystallising anneal; further, the more complete the trans- 
formation, the greater was the rise in the elongation and reduction- 
of-area values. Direct detection of the microscopic stresses with 
the aid of X-rays was not possible. The results recorded here 
differ radically from those yielded by treatments giving rise to 
precipitation phenomena ; consequently the causes must be of a 
different nature. No explanation could be found for the frequently 
observed difference in the behaviour of basic Bessemer, open- 
hearth and alloyed open-hearth steels. 

The importance of the observations here recorded from the 
point of view of acceptance tests, for instance, is well demonstrated 
by a collation of the results, which shows that if the tensile speci- 
mens of newly-rolled rails are given a short tempering treatment, 
whilst the yield point and tensile strength remain practically un- 
altered, the elongation will increase by about 30 per cent., and the 
reduction of area by even as much as 100 per cent. 

Considerations on the Sudden Fracture of an Electric Power 
Line Pylon. J. Merklen and E. Vallot. (Génie Civil, 1935, vol. 
106, June 22, pp. 612-614). The authors present the results of 
their investigations of the sudden fracture of a grid pylon during 
a heavy storm. Macro- and micrographs of the angle-iron which 
failed were prepared, and tests to determine its toughness were 
made on specimens cut from it ; it was found that the steel was 
not sound, exhibited heterogeneity and was very brittle just at 
that part of the section which should possess maximum strength. 
The authors assert that macro- and micro-examination correlated 
with brittleness tests would have revealed the defectiveness of 
the material, and they discuss the inclusion of such tests in 
specifications. 


SPECIFICATIONS. 


British Standard Specification for Cast Iron Spigot and Socket 
Soil, Waste, Ventilating and Heavy Rainwater Pipes. (British 
Standards Institution, No. 416-1935). 
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British Standard Specification for the Dimensions of Grinding 
Wheels and Method of Attachment. (British Standards Institution, 
No. 620-1935). 

British Standard Specification for Wire Ropes of Special 
Construction for Engineering Purposes, inclusive of Cranes, Lifts 
and Excavators. (British Standards Institution, No. 621-1935). 





MAGNETIC AND ELECTRICAL PROPERTIES OF 
IRON AND STEEL. 


A New Double-Yoke Magnet Steel Tester. IF. Stablein and R. 
Steinitz. (Archiv fiir das Eisenhiittenwesen, 1935, vol. 8, June, 
pp. 549-554: Technische Mitteilungen Krupp, i935, vol. 3, 
No. 3, pp. 129-135). The new instrument for testing magnet 
steels consists of two E-shaped half-yokes of soft iron turned 
towards each other so as to form a magnetic circuit ; the three 
cross members are separated by air-gaps. The specimen is placed 
in one of the outer air-gaps, the width of which can be varied ; 
the middle one is used for measuring the B—H value of the speci- 
men (by means of a moving coil, for instance). The outer yoke 
arms carry the exciter coils, which are connected in series in 
such a way that without a specimen in position the lines of force 
form a circuit which, on account of the symmetry, does not pass 
through the middle leg. By placing the specimen in one of the 
outer air-gaps the symmetry is destroyed, and the flow of force 
across the middle leg gives a measure of the B-H value of the 
specimen. 

The Specification of Magnetic Qualities. L. G. A. Sims. 
(British Association, Sept. 9, 1935: Engineering, 1935, vol. 140, 
Sept. 13, pp. 290-291). The author discusses the methods of 
measuring magnetic qualities, particularly permeability. 

Rolled and Recrystallised Textures of Iron-Nickel Alloys in 
Relation to the Magnetic Properties. F. Pawlek. (Zeitschrift 
fir Metallkunde, 1935, vol. 27, July, pp. 160-165). The produc- 
tion and removal of the rolled and recrystallised textures of iron- 
nickel alloys are discussed in their individual phases. The marked 
influence of the various textures on the properties of the material 
is shown, and the commercial importance of the magnetic proper- 
ties obtained is indicated. 

The Rolled and Recrystallised Textures of Nickel-Iron. W. G. 
Burgers and J. L. Snoek. (Zeitschrift fiir Metallkunde, 1935, 
vol. 27, July, pp. 158-160). By means of X-rays, using molyb- 
denum XK, radiation, the rolled and recrystallised textures of a 
50 per cent. nickel-iron alloy have been determined. 

The Magnetic Properties of Sheet Iron Produced Electro- 
lytically (Dependence on Grain-Size, Sheet Thickness and 
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Arsenic Addition). O. Dahl, F. Pawlek and J. Pfaffenberger. 
(Archiv fiir das Eisenhiittenwesen, 1935, vol. 9, Aug., pp. 103- 
112). On the basis of tests carried out on electrolytic sheet iron, 
the authors discuss the magnetic behaviour and properties of the 
material under normal conditions and the dependence of the watt 
losses on the sheet thickness and grain-size. They next describe 
their attempts to reduce the electrical losses due to eddy currents 
and magnetic fatigue by the introduction of an alloying element 
capable of forming a solid solution ; nickel, copper, zinc, antimony 
and tin were co-deposited during the electrolytic production 
of the sheet, but the results were not promising ; by a diffusion 
process, arsenic was introduced into the sheet, and with 0-5 
to 1 per cent. the electrical losses were greatly reduced. 

Effect of Carbon, Oxygen and Grain Size on the Magnetic 
Properties of Iron-Silicon Alloys. T. D. Yensen and N. A. Ziegler. 
(American Society for Metals, Oct., 1935, Preprint No. 13). 
This paper is a continuation of a previous one (Transactions of 
the American Society for Metals, 1935, vol. 23, June, p. 556), 
and gives numerical relationships between the carbon and oxygen 
contents and the grain-size and the magnetic properties of iron- 
silicon alloys. Oxygen is without appreciable effect on the low- 
density properties, but affects the high-density permeability 
considerably. The effect of carbon is generally less and the 
effect of grain-size is generally greater (for low carbon contents) 
than previous results indicated (Transactions of the American 
Institute of Electrical Engineers, 1924, vol. 43, p. 145); but the 
effect of the various forms of carbon (dissolved or colloidal Fe,C, 
free Fe,C, pearlite, graphite) as shown in the 1924 paper has been 
confirmed. 

Nickel-Aluminium Magnet Steel. (Metallurgist, 1935, 
June, pp. 39-41). A review of some work recently carried out by 
Messkin and Somin on the effect of heat treatment on the magnetic 
properties of nickel-aluminium magnet steel is given. (Sce Journ. 
I. and S.I., 1935, No. I. p. 497). 

The Recent Development of Materials for Permanent 
Magnets. F. Pélzguter. (Stahl und Eisen, 1935, vol. 55, Aug. 8, 
pp. 853-859). The author reviews the development of the materials 
for permanent magnets, from tungsten steels, through cobalt 
steels, up to the latest aluminium-nickel and cobalt-titanium 
alloys ; particular attention is given to the modern steels whose 
superior properties are the result of precipitation hardening. He 
then deals with the principal steels so far generally usedsin practice, 
their composition, heat treatment, production and properties, and 
concludes by indicating the shapes of magnets required by the 
special properties of the new alloys, and some new fields of 
application. 

Recent Progress in Alloys for Permanent Magnets. 
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(Metallurgist, 1935, Oct. 25, pp. 77-79). This is an English 
summary of the preceding article by F. Pélzguter. 

Colbalt Magnet Steels. L. Sanderson. (Heat Treating and 
Forging, 1935, vol. 21, Aug., pp. 367-368). Chief attention is 
paid to the heat treatment of cobalt magnet steels, and this is 
followed by a short note on the magnetising of these steels and 
their preparation in the form of finished magnets. 

New Materials for Permanent Magnets. A. Kussmann. 
(Zeitschrift des Vereines deutscher Ingenieure, 1935, vol. 79, 
Sept. 28, pp. 1171-1173). After touching on the relation between 
the design and the magnetic behaviour of a magnet, the author 
discusses the properties of the latest materials used for permanent 
magnets, such as tungsten steel, cobalt steel, and alloys of iron 
with cobalt-molybdenum, nickel-copper, nickel-aluminium and 
cobalt-titanium. He also mentions sintered and pressed magnets 
—the so-called oxide magnets—made by sintering together certain 
ferromagnetic oxides, in particular, cobalt ferrite (CoFe,O,) and 
iron oxide (FeFe,0,), and concludes with a reference to the 
platinum-iron alloys (about 78 per cent. platinum). 

X-Ray Investigations on «-Iron Magnet Alloys. R. Glocker, 
H. Pfister and P. Wiest. (Archiv fiir das Eisenhiittenwesen, 
1935, vol. 8, June, pp. 561-563). In experiments on permanent 
magnet steels containing (a) aluminium 12 and nickel 30 per 
cent., and (4) aluminium 10, nickel 22} and cobalt 13 per cent., 
changes in the radiographs occasioned by various heat treatments 
were observed and correlated with variations in the coercive 
force. When the coercive force was at a maximum there was no 
broadening of the lines, neither was there any change in the 
lattice constants. Only after very prolonged tempering at high 
temperatures, causing the coercive force to become very small, 
was any change of lattice constant noticeable. At still higher 
temperatures the lines of the precipitated phase appeared ; this 
belonged to the «-iron lattice type. A clearer idea of the concept 
“ precipitation ” is presented on the basis of considerations 
of the physics of the lattice. Precipitation exists only when 
the atoms of the precipitating phase have left the combined 
lattice. In this sense, in the steels investigated, as in the hardening 
of duralumin, when the coercive force is at a maximum pre- 
cipitation has not occurred. There still remains the problem of 
the optimum particle size of the precipitated phase from the 
point of view of the magnetic properties. 

Electrical Resistance Metals. A. Schulze. (Giesserei, 1935, 
vol. 22, June 21, pp. 312-314). The compositions and physical 
properties of a number of resistance alloys (non-ferrous and 
ferrous), both for precision resistances and for industrial purposes, 
are tabulated. 
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CONSTITUTION, STRUCTURE, CRYSTALLOGRAPHY. 


Research and the Iron and Steel Industry. I.—Constitution, 
Grain Size, Alloy Steels, Cast Irons. J. W. Donaldson. (Iron and 
Steel Industry, 1935, vol. 8, Aug., pp. 417-420). This article 
constitutes a review of the more important researches recently 
undertaken in the fields of alloy constitution, grain-size, alloy 
steels, and cast irons. 

The Metallurgical Inspection of Engineering Materials. V. E. 
Green. (Proceedings of the Staffordshire Iron and Steel Institute, 
1933-1934, vol. 49, pp. 66-70). The reasons for inspection, 
methods of inspection, place of inspection and qualifications and 
duties of an inspector are successively dealt with. 

Ten Years of Metallurgy and Science of Ferrous Materials. 
R. Walzel, R. Mitsche and H. Pessl. (Berg- und Hiittenmannisches 
Jahrbuch, 1935, vol. 83, No. 2, pp. 61-76). The authors present 
a review of advances made in the metallurgy of iron and in the 
development of its alloys and their uses. 

Definitions of Technical Terms. K. Daeves. (Stahl und 
Eisen, 1935, vol. 55, Sept. 5, p. 962). The definitions of terms 
given were drawn up by the author at the request of the Werkstoff- 
ausschuss des Vereins deutscher Eisenhiittenleute. Three new 
definitions are given, and eight others, originally proposed in 
1929, are repeated as being now completely acceptable. The 
words defined are : 


Altern Glithen 

Reckaltern (Stauchaltern) Normalgliihen 

Aushdrtung Weichglithen (auf kérnigen Zementit 
gliihen) 

Warmebehandlung Anlassen 

Abschrecken Vergiiten 

Hdrten 


Oxalic Acid as an Electrolytic Etching Reagent for Stainless 
Steels. G. A. Ellinger. (American Society for Metals, Oct., 1935, 
Preprint No. 2). A useful method for the etching of corrosion- 
resistant alloys is described. The solution generally used contains 
10 grm. of oxalic acid dissolved in 100 ml. of distilled water, 
which may be diluted if desired for specific purposes. The 
polished specimen is made the anode and a piece of platinum 
gauze the cathode, the two being about 1 in. apart. Current 
from a 6-v. accumulator or from four dry batteries connected in 
series is passed through the cell. The method reveals both 
the carbides and grain boundaries in most alloys of the 18/8 type, 
after suitable etching periods. Alloys containing selenium are 
not completely etched. 

On the Preparation of Iron and Steel Specimens for Microscopic 
Investigations. F. F. Lucas. (American Society for Metals, 
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Oct., 1935, Preprint No. 1). The author describes methods 
and materials for the preparation of iron and steel specimens. A 
flotation apparatus for the preparation of abrasives is described, 
and the particle size of magnesium oxide abrasive prepared by 
this method is given. 

On the Nature of Polished Layer of Metals. M. Miwa. (Science 
Reports of Téhoku Imperial University, 1935, vol. 24, July, pp. 
222-239). The well-polished surfaces of various metals were 
examined by cathode ray diffraction, and it was shown that 
these surfaces may, except in a few cases, be considered to be 
amorphous. Metal surfaces in various stages of polishing were 
also studied, and it was found that as a result of continued 
polishing the diffraction lines became blurred. It is suggested 
that in the case of cadmium, tin and antimony (which metals 
do not appear to give an amorphous layer), the surface of the metal 
consists of tiny pseudo-crystals, scarcely distinguishable from 
particles in the liquid state ; further, it is supposed that ultimately 
there is no sharp distinction between the amorphous and crystalline 
states, and that a polished surface is of this nature. 

Principles of the Technique of Photography for Use in Metal- 
lography. R. Servant. (Métaux, 1935, vol. 10, May, pp. 115- 
130). The author discusses the objectives and photographic 
plates and papers used in metallography from the theoretical and 
practical standpoints ; he also presents some practical observa- 
tions regarding the making of photomicrographs. 

The Interpretation of a Photomicrograph. J. W. Jones. 
(Proceedings of the Staffordshire Iron and Steel Institute, 1933— 
1934, vol. 49, pp. 48-61). The author considers typical micro- 
structures and their interpretation. 

‘A Small X-Ray Apparatus for Microstructural Investigations. 
W. E. Schmidt. (Zeitschrift fiir technische Physik, 1935, vol. 16, 
pp. 115-119). A small X-ray apparatus, consuming about 450 
watts, for investigating the microstructures of materials is 
described. 

The Researches of F. Regler on the Testing of Materials by 
Means of X-Rays. F.WeverandH. Moller. (Archiv fiir das Eisen- 
hiittenwesen, 1935, vol. 9, July, pp. 47-55). The authors present 
a review and criticism of the publications of F. Regler on his 
investigations of fine structure and, in particular, stress measure- 
ment by means of X-rays. Regler’s reply to the criticism is 
appended. 

Interior Defects Revealed by X-Ray. F. K. Ziegler. (Metal 
Progress, 1935, vol. 27, June, pp. 45-48). Examples illustrating 
the value of X-ray examination in detecting otherwise invisible 
flaws in castings are furnished, together with radiographs of 
typical defects. 
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- Grain-Growth in Carbonyl Iron and the Production of Single 
Crystals ofIron. W.Tangerding. (Archiv fiir das Eisenhiittenwesen, 
1935, vol. 9, Aug., pp. 113-114). Oxidising or reducing annealing 
of carbonyl iron caused an unusual increase in the grain-size. 
By means of alternating oxidising and reducing annealings single 
crystals of iron could be produced with ease. The veining of the 
ferrite in carbonyl iron is largely dependent on the rate of cooling. 
In comparison with specimens free from veining, the coercive 
force is raised decidedly by veining. This supports the view that 
the veining constituent consists of a layer with a distorted «-lattice 
which has absorbed very small quantities of impurities. 

Crystal Growth and Crystal Nucleus Formation. J.N.Stranski 
and R. Kaischew. (Physikalische Zeitschrift, 1935, vol. 36, pp. 
393-402). The authors present a new theory on the growth of 
crystals and nucleus formation, which they have developed by 
means of a simplified crystal model. 

Hardening Characteristics of One per cent. Carbon Tool Steels. 
T. G. Digges and L. Jordan. (American Society for Testing 
Materials, Oct., 1935, Preprint No. 23). The authors have studied 
the hardening characteristics of two commercial 1 per cent. 
carbon tool steels. Specimens of each steel were prepared with 
three different initial structures, namely, spheroidised cementite, 
coarse pearlite, and sorbite, and a study was made of the effects 
of these initial structures on the austenitic grain-size and grain- 
growth characteristics and on the critical cooling rates. The 
data obtained made possible a direct comparison of the relations 
between the austenitic grain-size and critical cooling rate of the 
two steels over a range of quenching temperatures from 775° 
to 970° C. 

Relation of Hot Working to McQuaid-Ehn Grain-Size. H. A. 
Grove. (American Society for Metals, Oct., 1935, Preprint No. 
14). A brief study is made of the effect of the working tempera- 
ture on the McQuaid-Ehn grain-size of a number of steels. Some 
of the irregularities in grain-size that can be produced by working 
at different temperatures are touched upon, and examples are 
given of duplexing developed in fine-grained steels by rolling and 
forging. 

Effect of Grain-Size Upon Some Physical Properties of Medium 
Carbon Steels. F. G. Sefing and K. J. Trigger. (Transactions of 
the American Society for Metals, 1935, vol. 23, Sept., pp. 782- 
796). The authors show that grain-size has a profound influence 
on cracking and distortion in medium-carbon steels." 

The Crystal Structure and the Composition of the Trigonal 
Chromium and Manganese Carbides. A. Westgren. (Jernkontorets 
Annaler, 1935, vol. 119, No. 6, pp. 231-240). In chromium steels 
with comparatively high chromium and carbon contents the 
carbide phase consists of a trigonal chromium carbide in which 
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some of the chromium is replaced by iron. This carbide is also 
present in high-carbon ferro-chromium, and an analogous man- 
ganese carbide is the main constituent of high-carbon ferro- 
manganese. These carbides are usually considered to have the 
formulz Cr,C, and Mn,C,. The author describes an attempt to 
determine the structure of the chromium carbide in order to test 
the validity of the formula. For this purpose the data of X-ray 
analysis have been drawn upon, and a tentative structure has 
been suggested. Although the structure could not be completely 
deduced, the approximate solution left no doubt that the formula 
assigned to the carbide (Cr,C,) is the correct one. By analogy it 
is deduced that manganese carbide is truly represented by 
Mn,(;. 

The Components of Steel. K.R. Van Horn. (Metal Progress, 
1935, vol. 28, Aug., pp. 22-27, 68). In this article the nature of 
the constituents present in steels—namely austenite, martensite, 
pearlite and sorbite—and their modes of formation are considered. 
It is explained that recent investigations indicate that austenite 
is an interstitial solid solution of carbon in y-iron which is con- 
verted to lamellar pearlite at temperatures of about 400° to 
700°C. Martensite appears to be an interstitial solid solution 
of carbon in tetragonal (body-centred) iron, and is not an inter- 
mediate product in the austenite—-pearlite transformation. 
When martensite is aged or tempered iron carbide is precipitated, 
leaving ferrite. The carbide particle size is related to the 
quenching rate, and when the structure so produced is com- 
paratively coarse it is termed sorbite. 

On Naming the Aggregate Constituents in Steel. J. R. Vilella, 
G. E. Guellich and E. C. Bain. (American Society for Metals, 
Oct., 1935, Preprint No. 3: Metal Progress, 1935, vol. 28, July, 
pp. 28-33). A number of micrographs are used to illustrate and 
classify, from the structural standpoint, the modes of trans- 
formation of austenite and the tempering of martensite in carbon 
steel. These structural types are considered genetically, and a 
simple basis of nomenclature is set forth. The authors propose 
that the term “ pearlite ”’ be applied to all the lamellar (ferrite 
and carbide layer) structures formed directly by nodular growth 
from nuclei in the austenite at comparatively high sub-critical 
temperatures, and that the word “ sorbite ’’ be applied to tempered 
martensite structures. If the word “troostite” is to be 
retained it should preferably be applied in such a way as to introduce 
no ambiguities or confusion; at present a suitable category for 
troostite is not apparent, though some possibilities not wholly 
logical are mentioned. The term “ spheroidite”’ is suggested 
to designate the more coarsely spheroidised carbide structures. 

The Effect of Deoxidation on the Rate of Formation of Ferrite 
in Commercial Steels. D. L. McBride, C. H. Herty, jun., and 
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R. F. Mehl. (American Society for Metals, Oct., 1935, Preprint 
No. 28). The rate of precipitation of ferrite from austenite at 
constant temperatures between A, and A, was studied in a series 
of nine commercial steels, including silicon-killed and aluminium- 
killed steels. The isothermal decomposition curves obtained 
can be described by the equation for a first-order chemical re- 
action, and the reaction rate in this equation can be taken as a 
measure of the reactivity of the steel. A steel treated to give 
different austenite grain-sizes gives different reaction rate constants 
for one temperature of precipitation ; when, however, these are 
divided by the grain surface area they become equal. The rate 
of ferrite precipitation in aluminium-killed steels is greater 
than that in silicon-killed steels at low degrees of undercooling, 
but less at high degrees of undercooling, thus showing a smaller 
dependence on temperature. The amount of ferrite formed on 
normalising, compared with that formed on annealing, was found 
to be dependent only on the mass of the specimen, which 
determines the cooling rate, and the austenitic grain-size, in- 
creasing linearly with increasing austenite grain surface area 
per unit volume of specimen. (See Journ. I. and §.I. 1935, No. I. 
p. 503). 

The Median Serration in Martensite Needles. E. Scheil. (Archiv 
fiir das Eisenhiittenwesen, 1935, vol. 9, July, p. 61). A rib- 
like streak is often observed down the middle of martensite 
needles ; it occurs in both low- and high-carbon steels, provided 
that considerable quantities of austenite exist in the structure 
near the martensite. This median serration is absent from 
deformation twins, which in other respects are very similar 
to martensite needles. During the tempering of martensite 
needles, cementite formation takes place preferably at the 
serrations. It was simple to explain the rib as being due to the 
different orientations of the two parts of the needle separated 
by it, but tests on the deformation of martensite needles shows 
them individually to be uniformly orientated, hence this explana- 
tion breaks down. No other suggestion has been proposed. 

X-Ray Investigation of Austenite and Martensite in some 
Special Steels. Z. Nishiyama. (Science Reports of the Téhoku 
Imperial University, 1935, vol. 24, May, pp. 128-140). Special 
steels containing chromium, manganese, or nickel were quenched 
from temperatures within the y region and examined by X-rays. 
Austenite was found to have a face-centred cubic lattice and 
martensite a body-centred tetragonal lattice, as in*the case of 
carbon steel. The martensite derived from austenitic nickel 
steel by cooling in liquid nitrogen also has a body-centred 
tetragonal lattice, but the martensitic structure found in quenched 
and tempered high-carbon and high-manganese steel has a 
hexagonal lattice; however, this martensitic material appears 
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to exist only on the surface layer and is probably the result of 
transformation of the austenite brought about by polishing 
stresses. 

Austenite—> Martensite— Pearlite. The Classical View. K. 
Honda. (Metal Progress, 1935, vol. 28, Aug., pp. 34-35). The 
author discusses the structural changes which occur when the 
A, transformation takes place. He upholds the classical view 
that martensite is the intermediate product when austenite tran- 
forms into pearlite, and suggests that there is no essential difference 
between nodular troostite and troostite obtained by tempering 
martensite. 

The Electron-Optical Observation of the Transformation of 
Iron from the « to the y Condition. E. Briiche and W. Knecht. 
(Zeitschrift fiir technische Physik, 1935, vol. 16, pp. 95-98). 
By means of the electron-microscope, the authors have determined 
that very pure electrolytic iron recrystallises at 898° C. on cooling 
and at 907° C. on heating. The addition of 1 per cent. of silicon 
raises the critical temperatures by about 20°. 

The Mechanism of the «—y Transformation in Iron. G. Wasser- 
mann. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisen- 
forschung, 1935, vol. 17, No. 11, pp. 149-155). The author first 
discusses in detail the phenomena of recrystallisation that accur 
in unalloyed low-carbon iron when heated above the A, point. 
He then describes the results of an investigation of the «—y trans- 
formation in a nickel-iron alloy containing 30 per cent. of nickel. 
Comparison of the relationship between the orientation of the 
y and « phases in this alloy and in martensite containing carbon 
led him to postulate a slightly different relationship for the 
transformation into a cubic body-centred phase, which fitted the 
experimental observations better. The corresponding mechanism 
of the transformation is simpler and clearer than that proposed by 
Kurdjumow and Sachs. 

Investigations on the Heat Evolutions at the Transformations 
in Iron. H. von Steinwehr and A. Schulze. (Zeitschrift fiir 
Metallkunde, 1935, vol. 27, June, pp. 129-132). Heat Evolution 
at the A, and A, Transformations in PureIron. H. von Steinwehr 
and A. Schulze. (Zeitschrift fiir Physik, 1935, vol. 36, p. 419: 
Stahl und Eisen, 1935, vol. 55, June 27, pp. 705-706). The authors 
have determined the heat evolution at the A, and A, points in 
very pure electrolytic iron (99-97 per cent. pure), containing only 
0:03 per cent. of manganese, traces of silicon and no nickel. 
The measurements were made in a heat-insulated calorimeter ; 
cooling curves were first taken, from which the rise of temperature 
at the transformation point was calculated, and from this the 
heat evolution was deduced as the product of this temperature 
rise and the total heat capacity of the whole apparatus at the 
transformation temperature. The mean value of the heat 








512 THE FRON AND STEEL INDUSTRIES. 


evolution at the A, point was found to be 4-8 cal. per grm., with 
an average error of + 0-2 cal. pergrm. The first signs of the trans- 
formation appeared at above 790°C. and the last were still 
observable at about 710°. The A, transformation commenced at 
894° and ended at 870°; contrary to the A, point,a distinct arrest 
was observed at A,;. Consequently the simple formula for calcu- 
lating the heat evolution could not be used, but recourse was had 
to the general equation, from which the cooling constants for 
Newton’s law and the area of the transformation range had to 
be calculated first. The mean value of the heat evolution at A, 
was found to be 6-2 cal. per grm., with an average error of 
+ 0-08 cal. per grm. 

A Dilatometric Study of the Alpha-Gamma Transformation 
in High Purity Iron. C. Wells, R. A. Ackley and R. F. Mehl. 
(American Society for Metals, 1935, Preprint No. 5). The authors 
have made a dilatometric study of the oy transformation in 
high-purity iron, using a newly developed high precision recording 
differential dilatometer. About sixty heating and cooling dilata- 
tion curves were made on hydrogen-purified Armco iron, electro- 
lytic iron, and carbonyl iron. The temperature of the «—y trans- 
formation was fixed at 909-5 + 1°C. Thermal analysis curves 
were obtained simultaneously, and observations on the effects of 
heterogeneity, on anomalous length changes, on degrees of under- 
cooling and superheating, and on the speed of this transformation 
are reported. 

The Influence of the Alloying Elements on the Transformations 
of the Austenite and the Strength Properties of Alloy Steels on 
Stepped Heat Treatment. H. Dépfer and H. J. Wiester. (Archiv 
fir das Hisenhiittenwesen, 1935, vol. 8, June, pp. 541-546: 
Technische Mitteilungen Krupp, 1935, vol. 3, No. 3, pp. 87-99). 
The course of the transformations in the undercooled austenite 
in low-alloy chromium, silicon, molybdenum, tungsten, vanadium, 
manganese and nickel steels were observed magnetometrically. 
In all these steels the rate of transformation rose above the mar- 
tensite point to a maximum lying between about 300° and 400° C. 
In the chromium, molybdenum and vanadium steels it then fell 
to a range of high stability of the undercooled austenite at about 
500° C., and only rose again in the pearlite range, whereas in the 
nickel, manganese, silicon and tungsten steels the range of the 
intermediate stage passed directly into the pearlite range. The 
occurrence of a range of stability in chromium-nickel steels, 
such as Wever, Lange and Jellinghaus had investigated, was 
therefore to be attributed to the chromium content. Frequently 
the transformation of the austenite set in first after a certain 
period, which could be of considerable length, particularly at low 
temperatures and in the stable range at 500° C., and which could 
also be markedly influenced by the content of alloying element 
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and also of carbon. The initial period and the maximum rate of 
transformation together give an indication of the conditions to 
be maintained in practical step-wise hardening and heat treat- 
ment. Tests with various alloyed specimens showed that under 
favourable conditions step-wise heat treatment could produce 
mechanical properties as good as those obtained by ordinary 
heat treatment. Step-wise treatment, however, should only be 
used in practice in special cases, as a means of avoiding stresses 
and hardening cracks. 

Initiatory Period of the Austenite Transformation. E. Scheil. 
(Archiv fiir das Eisenhiittenwesen, 1935, vol. 8, June, pp. 565- 
567). The possibility of suppressing transformations is determined 
by the time required for a nucleus of the transformation product 
to form. This initiatory period can be calculated from the 
relationship between the temperature of the transformation and 
the rate of cooling. The relation of the initiatory period to the 
temperature has a minimum, the exact position of which is not 
yet known in detail. Measurements made by Sato have been 
used to draw up a layer-line diagram, in which a ferrite, a 
cementite and a pearlite field occur. The formation of a pearlite 
double nucleus occurs more easily in the pearlite field than that of 
a single nucleus of ferrite or cementite. The effect of already 
present ferrite or cementite crystals is small; it is overshadowed 
by the influence of the carbon content of the austenite on the 
formation of nuclei. The sequence of the inocculating actions of 
various substances on ferrite is as follows: Sulphides; grain 
boundaries of austenite ; oxides. 

The Transformation Temperatures of Martensite and Austenite 
in Hardened Steels. B. Kjerrman. (Jernkontorets Annaler, 
1935, vol. 119, No. 6, pp. 217-231). By measuring the change 
in electrical conductivity the decomposition of tetragonal 
martensite and of austenite at various constant temperatures 
and with slowly rising temperature was studied. The steel 
used contained approximately 1 per cent. each of carbon, 
manganese and chromium, and 0-5 per cent. of silicon. With a 
moderate rise in temperature the martensite was found to 
decompose between 110° and 150° C., and the austenite between 
240° and 290° C. By keeping the temperature constant for 
long periods of time decomposition of the martensite was observed 
to set in quite early. From the results of an experiment in 
which a specimen was tempered at 150° C. for 1 hr. and afterwards 
maintained at 120° C. for 280 days, it is concluded that austenite 
cannot begin to decompose until the tetragonal martensite has 
almost completely disappeared, but that when that has taken 
place the austenite decomposes slowly even at as low a temperature 
as 120° C. 

Initial Stages of the Magnetic and Austenite Transformations 
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in a Carbon Steel. I. N. Zavarine. (American Institute of 
Mining and Metallurgical Engineers, 1935, Oct., Technical 
Publication No. 646). Experiments were performed on _high- 
carbon wires (approximately 0-9 per cent. carbon content) in 
which the wires were heated to quenching temperature, quenched 
in a bath of molten salt, passed through an X-ray camera and 
finally passed through a transformer which served to indicate 
the magnetic state of the wire. It is shown that the initial stages 
of magnetic transformation in medium- and high-carbon steels 
quenched in a hot bath are delayed for a measurable time, 
depending upon the quenching conditions and the carbon content 
of the steel. The lattice transformation of a eutectoid steel 
quenched in a hot bath does not coincide with the magnetic 
transformation, but precedes it. 

The Iron-Cobalt-Tin System. W. Koster and W. Geller. 
(Archiv fiir das Eisenhiittenwesen, 1935, vol. 8, June, pp. 
557-560). The structure of the ternary iron-cobalt-tin system 
with up to 40 per cent. of tin is outlined ; transformations between 
the individual iron-tin compounds and the y—« transformation 
of cobalt are disregarded. The equilibrium « solid solution 
+ melt = Fe,Sn moves to higher temperatures as cobalt is 
added. It combines with the markedly sinking equilibrium, 
« solid solution + melt = y solid solution of the iron-cobalt 
system and the slightly sinking equilibrium, melt = y solid 
solution + Co,Sn to form a four-phase transition equilibrium, 
melt + y solid solution = « solid solution and compound solid 
solution. The phase fields in the solid condition were determined 
by measurements of the hardness, coercive force and the loss of 
magnetism, and also by microscopical observations. 

Contribution to the Knowledge of the Transformations in 
Irreversible Iron-Manganese Alloys. E. Scheil. (Archiv fiir 
das Eisenhiittenwesen, 1935, vol. 9, Aug., pp. 115-116). By 
measurements of the change of length of iron-alloy specimens 
containing from 7 to 12 per cent. of manganese, it was shown 
that an extension marked on the heating curve of manganese 
steels, which H. Scott had assumed to represent a y—« trans- 
formation, was really due to a &-y transformation. The two 
transformations, of which the y—« is associated with an ex- 
tension and the y—2 with a shortening of the specimen, overlap 
in a range between 7 and 12 per cent. of manganese ; the trans- 
formation temperatures on cooling and on heating were deter- 
mined. . 

Alloys of Iron, Manganese and Carbon.—Part XIV. Iron- 
Carbon Alloys containing Seven Per Cent. Manganese. C. Wells 
and F. M. Walters, jun. (Transactions of the American Society 
for Metals, 1935, vol. 23, Sept., pp. 751-760). Pure iron- 
manganese alloys containing approximately 7 per cent. of 
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manganese and carbon varying between 0-02 and 1-25 per cent. 
were studied and a constitutional diagram was drawn. The alloys, 
brought to substantial equilibrium at various temperatures, 
were quenched and subsequently examined under the microscope. 
(See Journ. I. and 8.1. 1934, No. II. p. 704). 

The Irreversibility of the Iron-Nickel Alloys and their 
Equilibrium Diagram. E. Scheil. (Archiv fiir das Eisenhiitten- 
wesen, 1935, vol. 9, Sept., pp. 163-166). The range of irreversi- 
bility of nickel steels has already a notable width in the region 
of noticeable atomic movement. In this temperature range a 
transformation can occur over the entire irreversibility range. 
It is suggested that the cause of the occurrence of a range of 
irreversibility is the coupling of the rapidly-proceeding lattice 
changes with a slow alteration in the composition. Two new 
points for the so-far quantitatively undetermined equilibrium 
diagram have been obtained; with their help the supposed 
temperature of the «-y equilibrium in the range 0 to 10 per 
cent. of nickel has been given. 

Knowledge on the Iron-Nickel Alloys. ©. Dahl, J. Pfaffen- 
berger and N. Schwartz. (Metallwirtschaft, 1935, vol. 14, 
Aug. 23, pp. 665-670). The limits of the miscibility gap in the 
copper-nickel-iron tenary system for the temperature range 
below 1,050° C. are given; at 1,050° it reaches to about 43 per 
cent. of nickel, while at room temperature and at that of in- 
cipient diffusion it extends to about 65 per cent. of nickel Thus 
the large majority of these alloys fall in the group of hardenable 
alloys. The mechanical hardenability is not great—the alloys 
can be deformed and machined easily in both the quenched and 
the hardened condition ; on the other hand, the magnetic harden- 
ability is very great, particularly in a region towards the nickel- 
copper side. Those alloys which have a high magnetic permea- 
bility after rapid cooling can be used for permanent magnets. 
Although the remanence is small on account of the low iron 
content the product of the remanence and the coercive force is 
equal to that for cobalt steels. These alloys are distinguished 
from all other permanent-magnet alloys by their easy deforma- 
bility. The changes of properties brought about by heat treat- 
ment are described. The condition of precipitation corresponding 
to maximum magnetic hardness is not attained until long after 
the condition of maximum change of resistance has been reached. 

Contribution on the System Iron-Phosphorus-Oxygen. H. 
Wentrup. (Archiv fiir das Eisenhiittenwesen, 1935, vol. 9, 
July, pp. 57-€0). The author has determined the constitutional 
diagram of the system Fe,0,-P,0, between 30 and 50-6 per cent. 
of iron, and that of the system FeO-P,0, between 46-9 and 
59-8 per cent. of iron. It was found, in particular, that the 
compounds Fe,0,.P,0;, 2Fe,0,.3P,0; and 3FeO.P,0, were 
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stable up to the melting point. The conjectural constitutional 
diagram for the two-component system 3Fe0.P,0,-2Fe,0,.3P,0, 
was also drafted. 

Equilibrium Diagrams of Binary Alloys of Tin. E. S. Hedges 
and C. E. Homer. (Technical Publications of the International 
Tin Research and Development Council, 1935, Series B, No. 2). 
The more important equilibrium diagrams relating to the binary 
alloys of tin are presented in convenient form, and a guide to the 
interpretation of the diagrams is included for the use of those who 
may not have previously studied the subject academically. 

Notes on the Solidus Temperatures in the Systems Iron-Tungsten 
and Iron-Molybdenum. W. P. Sykes. (American Society for 
Metals, Oct., 1935, Preprint No. 7). By observations on the 
melting temperatures of wire specimens the solidus lines in the 
iron-rich portions of the iron-tungsten and iron-molybdenum 
binary systems were determined. Microstructures of small block 
specimens drastically quenched indicate that in both systems 
the «-phase is formed as the product of a peritectic reaction thus : 
liquid iron + — = a. 

The Crystal Structure and the Composition of the Intermediate 
Phases present in Iron-Tungsten and Iron-Molybdenum Alloys. 
H. Arnfelt and A. Westgren. (Jernkontorets Annaler, 1935, 
vol. 119, No. 5, pp. 185-196). The authors have determined 
the crystal structure of the intermediate phases present in iron- 
tungsten and iron-molybdenum alloys, on the basis of X-ray 
analyses carried out by Arnfelt (Iron and Steel Institute, Carnegie 
Scholarship Memoirs, 1928, vol. 17, p. 1). The phases present in 
commercial ferro-tungsten are chiefly Fe,W and _ tungsten ; 
Fe,W,, although a possible constituent, appears to be unstable at 
low temperatures ; on the other hand, iron-molybdenum alloys 
contain Fe,Mo, as the sole intermediate phase, and this is stable 
even on prolonged heating. 

An Investigation of the Zinc-Rich Portion of the System Iron- 
Zinc. E. C. Truesdale, R. L. Wilcox and J. L. Rodda. (American 
Institute of Mining and Metallurgical Engineers, 1935, Oct., 
Technical Publication No. 651).  Zine-rich alloys were 
investigated by the usual methods of thermal analysis, micro- 
scopical examination, electrical and X-ray measurements, and 
so on, in order to re-determine the liquidus and adjacent parts 
of the diagram. The results, and a description of the technique 
are contained in Part I. of the paper. In Part II.‘an attempt 
is made to review all the published work bearing on the 
constitution of the iron-zine system and to correlate previous work 
done by the authors. 

The Zinc-Iron Equilibrium Diagram. W. D. Jones and R. T. 
Parker. (Metallurgist, 1935, Aug., pp. 56-58). The work of 
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numerous investigators on the iron-zinc diagram is critically 
reviewed. 





HEAT-RESISTANT AND ACID-RESISTANT ALLOYS. 


The Further Development of Steels Resistant to the 
Atmosphere. K. Daeves. (Archiv fiir das Eisenhiittenwesen, 
1935, vol. 9, July, pp. 37-40). The author presents the results 
of tests on the natural rusting, in industrial and rural atmospheres, 
of steels containing up to 0-2 per cent. of phosphorus and up to 
0-3 per cent. of tin, in addition to 0-3 per cent. of copper. Con- 
trary to the indications of solution tests, even in a variety of 
acids, a phosphorus content exceeding 0-06 per cent. increases the 
resistance of copper-bearing steel to the ravages of the weather, 
irrespective of the process by which the steel was made; the 
resistance to rusting of copper-tin steels is likewise improved. 
On copper steels the higher phosphorus content causes the rapid 
appearance of a dark-brown, smooth, strongly adherent protective 
layer of rust, free from pits. As a result of this freedom from 
pits, the raised phosphorus content is of benefit in maintaining the 
strength of such materials as fencing wire. Puddled steel without 
copper was the equal of copper steel only under conditions of com- 
paratively slow rusting—for instance, in rural situations. The 
blue rolling-mill scale weathered off copper steels with raised 
phosphorus contents more rapidly than off normal steels ; also, 
the former steels behaved better under paint coatings than did 
the latter. 

Resistance Alloys for Heating Elements. (Metallurgist, 
1935, June, pp. 35-37). The work of Schulze and Hoffmann, 
and of Grunert, Hessenbruch, and Schichtel on the melting points 
of alloys used for heating elements is reviewed. It is shown that 
the melting point of aluminium-chromium-iron alloys such as 
Megapyr and Kanthal is 1,500° C.—a value less than that generally 
claimed for these materials. It would appear that though alu- 
minium-chromium-iron elements are superior to nickel-chromium 
alloys at temperatures above 1,200°C., they have certain dis- 
advantages ; thus they are not rustless, and are brittle when cold. 

Electrical Resistance Alloys: Why Nickel-Chromium so 
Successfully Serves as Heating Element Material. F. P. Peters. 
(Electrochemical Society, 1935, Preprint No. 68-27). The six 
fundamental properties required of a high-temperature metal 
resistor (high resistivity, low temperature coefficient of resistivity, 
resistance to oxidation and scaling at temperatures up to 1,150° C., 
high melting point, strength and physical stability at high 
temperatures and reasonable cost) are discussed at length. Several 
resistor materials are compared. It is shown that the 80/20 
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nickel-chromium alloy is the most suitable; the oxide which 
forms on the surface has a coefficient of temperature expansion 
similar to that of the wire itself, while the latter is not subject to 
severe growth, resists high temperatures and is not too costly. 

A New Heat-Resistant Alloy. S. L. Hoyt and M. A. Scheil. 
(American Society for Metals, Oct., 1935, Preprint No. 19). 
A New Resistor Alloy- Chromium-Aluminium-Iron. 8. L. Hoyt. 
(Metal Progress, 1935, vol. 28, July, pp. 38-40). Heat-Resisting 
Alloy. (Steel, 1935, vol. 97, Sept. 2, pp. 41-42). The authors 
describe a new heat-resistant iron-chromium-aluminium alloy, 
known as Smith Alloy No. 10, and containing 37-5 per cent. of 
chromium, and 7-5 per cent. of aluminium. It is melted in a 
high-frequency furnace, and is produced in the form of rod, 
ribbon or wire for use in electric-furnace resistor elements. 

Chromium Alloy Steel. (Steel, 1935, vol. 97, Aug. 5, pp. 
34-35). A new alloy, of which a hopper car and a merchandise 
container have been constructed, is described. Known as RR-11, 
the alloy has been introduced by the Rustless Iron Corp. of 
America, Baltimore. It contains 1] per cent. of chromium and 
0-05 to 0-07 per cent. of carbon, and is said to yield the following 
physical properties: Ultimate tensile strength, 90,000 lb. per 
sq. in.; yield point 65,000 lb. per sq. in.; elongation on 2 in. 
15 to 25 per cent. ; hardness, 185 Brinell: and Izod value, 90 ft.-lb. 
The alloy is produced in rolled sheets which are corrosion-resistant 
and easily hot- and cold-worked, welded and machined. 

Notes on 29-9 Alloy. R. J. Wilcox. (Metal Progress, 1935, 
vol. 27, May, pp. 49-51, 66). The 29—9 alloy contains: Carbon 
0:20-0:30; manganese 0-55-0-75; silicon 0-75-1-25; nickel 
8-00-10-00; chromium 28-00-30-00; sulphur 0-05 (max.) ; 
phosphorus 0-05 (max.) per cent. The alloy consists of ferrite, 
austenite, and free carbides; unlike the 18 8 chromium-nickel 
alloy, the as-cast material is not susceptible to intergranular 
corrosion ; this is a great advantage in the case of parts which 
cannot be heat-treated. The material has tensile properties 
similar to the 18 8 alloy, and it can be readily welded. For high- 
temperature service the alloy is made with higher nickel and 
carbon contents; its performance may be compared with the 
35 per cent. nickel, 15 per cent. chromium alloy often employed. 

Nickel-Chromium Heat Resisting Alloys. A. M. C. Murphy. 
(Metal Industry, 1935, vol. 47, Oct. 18, pp. 387-390, 402). Of 
the alloys of iron, chromium and nickel which are used for electrical 
resistance wire two are of general importance; they are the 
binary alloy containing 80 per cent. of nickel and 20 per cent. 
of chromium, and the ternary alloy containing nickel 65, iron 20, 
and chromium 15 per cent. Both have a high specific resistance 
—about 110 microhms per centimetre cube. Care must be taken 
in the production of the 80/20 alloy, and the metal is usually 
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melted in a high-frequency furnace. Rolling is difficult and is 
usually preceded by forging; wire-drawing follows ordinary 
practice but requires completely pickled wire and skill in drawing. 
The annealing which follows confers a thin oxide coating on the 
surface of the wire and renders it resistant to high temperatures 
subsequently. Before being marketed specimens of the wire are 
subjected to an accelerated life test, during which the wire is 
constantly heated and allowed to cool. 

The Application of Corrosion-Resistant Steels in Chemical, 
particularly the Nitrogen, Industry. P. Schafmeister and F. K. 
Naumann. (Technische Mitteilungen Krupp, 1935, vol. 3, No. 3, 
pp. 100-107). In the nitrogen industry, three broad types of 
structural steel are used: (a) Hydrogen-resistant steels for 
ammonia synthesis plant; (4) rust-, acid- and heat-resistant 
steels for the manufacture of nitric acid by the oxidation of 
ammonia; and (c) steels resistant to ageing and caustic alkalis 
for the production of nitrates from nitric acid and bases. The 
authors discuss the properties of these various steels. Examples 
of plant made of these materials are illustrated. 

Design and Selection of Heat Enduring Alloys for Industrial 
Furnaces. RR. S. Brown. (Industrial Heating, 1935, vol. 2, 
Sept., pp. 495-498, 514). Attention is chiefly devoted to the proper 
design of ribbed and similar sections (in view of expansion and 
other thermal effects), the use of creep stress data, and the 
properties—such as resistance to oxidation, structural stability 
and creep strength—which heat-resistant alloys are required to 
possess. 

Chromium Steels of High Nitrogen Content. KR. Franks. 
(American Society for Metals, Oct., 1935, Preprint No. 30). 
The author discusses the influence of nitrogen in steels. Observa- 
tions indicate that the marked refinement of grain imparted to 
high-chromium steels is brought about by nitrogen that is believed 
to be in combination with chromium as a nitride. Chromium 
nitride representing only a few hundredths of | per cent. greatly 
increases the hardening capacity of low-carbon, 12 to 14 per cent. 
chromium steels, a good indication that this nitride promotes 
austenite formation. The effect of this high solubility of the 
chromium nitride in low-carbon iron of greater chromium content 
is far more pronounced, and in this respect the chromium nitrides 
seem to function in a manner similar to that of the carbides in 
ordinary steel. The addition of nitrogen to these low-carbon 
high-chromium irons represents, therefore, a metallurgical pro- 
cedure designed to limit the grain-size and to improve the strength 
and toughness without unduly increasing hardness associated with 
brittleness. 
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CORROSION OF METALS. 
(For Coating of Metals see p. 448.) 


The ‘‘ Probability ’’ of Corrosion. R. B. Mears and U. R. 
Evans. (Transactions of the Faraday Society, 1935, vol. 31, 
Mar. pp. 527-542). Measurements were made of the influence 
of sixteen external variables—such as time, area, oxygen con- 
centration, temperature—on (a) the probability, and (b) the con- 
ditional velocity of corrosion by drops. Oxygen concentration 
depresses the probability but increases the conditional velocity ; 
this is also true of certain inhibitors. A rise in the temperature 
of pre-exposure (to dried air) tends to diminish the probability, 
whereas a rise in the temperature of the experiment greatly in- 
creases the probability, as does the presence of sulphur dioxide in 
the gas phase. The probability is depressed by the presence of 
neighbouring corroding points. It is shown that, assuming attack 
to be stifled by the corrosion product formed, the oxygen con- 
centration needed to prevent corrosion in a drop is a suitable 
measure of the size of the biggest pore. 

Effect of Composition on the Corrosion Probability of Iron and 
Steel. R. B. Mears. (Iron and Steel Institute, Carnegie Scholar- 
ship Memoirs, 1935, vol. 24, pp. 69-85). The author points out, 
in his introduction, that both the probability of corrosion and the 
conditional velocity are dependent on external variables (such as 
the surrounding media) and on internal variables (including the 
concentration and distribution of minor constituents, and the 
physical condition of the material). The general technique 
employed in estimating the corrosion probability is briefly 
considered. 

The results obtained from the examination of scale-covered 
materials are discussed, and it is shown that continuous scales 
give rise to low probability figures, whilst imperfect scales give 
higher values. Impurities in the steel are found only to confer 
special susceptibility on smooth metal surfaces, while the presence 
of particles of certain materials, such as ferrous or manganese 
sulphide, in aqueous contact with the surface, increases the 
probability of eorrosion. Certain other materials are inert. 

The correlation between the corrosion probability and the 
amount of impurity was investigated for the impurities usually 
present in ferrous materials. A fairly high degree of positive 
correlation was indicated for sulphur, carbon and manganese, 
but there was only a small degree of correlation between the 
silicon, phosphorus or copper content and the corrosion proba- 
bility. 

The Electrochemical Potential of Iron and Corrosion Pheno- 
mena. N. Nekrassow, J. Stern, and Z. Gulankaja. (Zeitschrift 
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fiir Elektrochemie, 1935, vol. 41, pp. 2-9). The change of the 
potential of iron with time in solutions of various salts was 
compared with the progress of the corrosion. Shifting of the 
potential of the iron towards the hydrogen side was always 
connected with an increase in the rate of corrosion, while a shift 
towards the oxygen side was related to a retardation in the cor- 
rosion rate. The hydrogen-ion value and the anion present have 
an essential influence on the phenomena, and this is discussed in 
detail. 

Fluctuations of the Potential of Iron in Nitric Acid. M. 
Karschulin. (Zeitschrift fiir Elektrochemie, 1935, vol. 41, pp. 
224-229). The periodic solution of Armco iron in nitric acid 
solutions of different strengths was observed by means of potential 
time measurements. The changes of potential were related to 
the surface condition of the metal. At the lower potential the 
iron was covered with a reddish-brown layer. The potential 
then rose with time to positive values, till suddenly gas evolution 
commenced, when the highest positive value was reached. The 
cycle repeated itself at regular time intervals. 

The Theory of Passivity Phenomena. XXVI.—The 
Limiting Currents during the Anodic Polarisation of Metals 
in Aqueous Solutions. W. J. Miiller. (Zeitschrift fiir Elektro- 
chemie, 1935, vol. 41, Aug. 31, pp. 83-86). The theories of 
E. Miiller and of the present author regarding passivification during 
anodic polarisation are contradictory. An experimental test of 
the two points of view is possible in that, according to the author's 
coating theory, the onset of saturation of the salt solution during 
the anodic electrolysis of a metal has no noticeable influence on 
the condition of polarisation of the electrode, and an increase in 
the polarisation is essentially connected with a precipitation of the 
solid salt, whereas, according to E. Miiller, additional polarisation 
sets in at the onset of saturation, which causes a diminution of the 
current strength. Current/time curves, taken during the polarisa- 
tion of iron in N H,SO, and in the same acid saturated with ferrous 
sulphate, were found to be continuous, and hence they do not 
support E. Miiller’s opinion. 

The Nature of Corrosion Phenomena with Oxygen De- 
polarisation. G. W. Akimow, S. A. Wruzewitsch, and H. B. 
Clark. (Korrosion und Metallschutz, 1935, vol. 11, July, pp. 
145-156). The authors have worked out a theory of the electro- 
chemical cell and have established basic formule giving the 
relationship of the potential difference of the working cell at a 
given moment, the amount of hydrogen collected on the cathode 
at that moment, and the current, to the time. Theoretical con- 
sideration of the phenomena in the electrochemical cell with oxygen 
depolarisation, and analysis of the solved equations gave informa- 
tion regarding the conditions on reaching the steady state. That 
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the current was independent of the resistance, within wide limits, 
and of the initial potential difference was proved experimentally ; 
the limit of this independence of the resistance was found to be 
lower than the calculated value, which was attributed to the 
difficulty of removing the last of the hydrogen from the cathode. 
Depolarisation was more intense on a surface which had been 
already attacked than ona fresh one. The influence of the surface 
areas of the anode and cathode on the current (and the corrosion) 
was examined anew; the observed relations between the current 
and the anode and cathode potentials are explained on the basis 
of the authors’ theory, which gives an analytical expression for 
the curve relating the cathode potential to the extent of the anode 
and cathode areas. The theory is applied to the explanation of 
various corrosion phenomena with oxygen depolarisation, such 
as structural corrosion, resulting from cathode inclusions with 
low initial potentials, intererystalline corrosion, enhanced destruc- 
tion of riveted and welded joints, the action of protectors on 
distant structural parts, &c. 

Corrosion Testing Methods. H. E. Searle and F. L. LaQue. 
(American Society for Testing Materials, 1935, Preprint No. 29). 
The authors draw attention to the practical advantages of field 
corrosion tests and describe a simple and inexpensive device known 
as the spool-type specimen holder. The holder is applicable to a 
broad range of field testing, including the exposure of different 
metals, either plain or welded, and either out of contact with one 
another or in galvanic combination, to wet solids, liquids or 
vapours. 

Continuous-Flow Corrosion Tests on Steel Pipe. H. %. 
Rawdon and L. J. Waldron. (American Society for Testing 
Materials, 1935, Preprint No. 28). The shortcomings of ordinary 
laboratory corrosion tests, particularly for predicting what may 
be expected to occur in service, are well recognised. The limita- 
tions imposed by the small size of the usual specimen, the relatively 
short duration of the test and the failure to simulate tke essentials 
of the conditions expected in service, are often very serious ones. 
Exposure tests, on the other hand, are not always practicable, and 
the possibility of developing a testing procedure substantially free 
from the really serious shortcomings of ordinary laboratory 
corrosion tests remains still a subject of live interest. The method 
described in the paper has been used with ferrous pipe material 
and consists essentially in circulating water of known charac- 
teristics through a system built up of sections of the pipe to be 
tested. A number of specimens, approximately 5 in. long, after 
being cleaned and weighed, were assembled, with intermediate 
hard rubber spacing rings, to form a vertical water-tight column. 
After being subjected to water flowing at a controlled rate for the 
desired period, the columns were dissembled, the specimens 
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properly cleaned and weighed, and the corrosion rate was deter- 
mined. Results obtained on 2-in. pipe of two open-hearth steels 
showed that: (a) The distribution of corrosion varies decidedly 
with the degree of turbulence in the flow; (b) the corrosion of 
specimens varies with their position in the column, the rate being a 
maximum at the inlet end with a progressive decrease along the 
column, which effect can be largely overcome by increasing the rate 
of flow ; (c) the pipe used successively from one series of tests to 
another, the specimens being cleaned at the end of each run, 
showed an apparent increase in corrosion rate with increased 
use, attributable to roughening of the surface—a factor which is 
not usually taken into consideration; (d) the distribution of 
corrosion is intimately related to the scale deposition accompany- 
ing corrosion. 

The Influence of Certain Organic Hydroxy-Compounds on the 
Corrosion of Iron in Oxygenated Salt Solutions. W. 8S. Patterson 
and R. C. A. Culbert. (Journal of the Society of Chemical 
Industry, 1935, vol. 54, Oct. 4, pp. 327-3311). The corrosion of 
iron in oxygenated potassium sulphate solution at high concentra- 
tions of oxygen produces ferric hydroxide and a thin but visible 
film of ferrosoferric oxide which adheres to the metal, causing 
differential aeration. At low concentrations of oxygen, the deposit 
adhering to the metal is subsequently reduced to ferrosoferric 
hydroxide. At a low oxygen concentration the rate of corrosion 
is directly proportional to the concentration of oxygen whilst 
at higher concentrations the corrosion is more rapid, ultimately 
becoming constant and independent of further increases in the 
oxygen concentration. Hydroxy-compounds of the type studied 
cause retardation of the corrosion, owing, to some considerable 
extent, to the fact that they are absorbed on the corrosion pro- 
ducts and modify both the character of the loose deposit and the 
black film immediately covering the metal. At higher concentra- 
tions they initiate peptisation of the corrosion products and still 
further reduce the corrosion. The amount of retardation is 
controlled by three factors: The quantity of inhibitor present, the 
number of hydroxyl groups per mol of inhibitor and the spatial 
arrangement of the hydroxyl groups in the molecule. 

Corrosion of Steel. T’. J. Finnigan, R. C. Corey, and D. D. 
Jacobus. (Industrial and Engineering Chemistry, 1935, vol. 27, 
July, pp. 774-780). The corrosion of steel in solutions containing 
oxygen and carbon dioxide was observed. Definite concentrations 
of these gases were maintained over a period of 21 days in an 
apparatus in which water continually flowed over the specimens. 
During the progress of an experiment the water became saturated 
with ferric hydroxide. It was found that oxygen and carbon 
dioxide mutually influence the corrosion rate, 20 parts of carbon 
dioxide having approximately the same influence as one part of 
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oxygen. At zero concentration of either gas the corrosion rate 
is not zero but a value dependent upon the concentration of the 
other gas. The relation between the corrosion rate and gas 
concentrations was established in a series of curves. 

Corrosion of Metal Combinations and its Prevention. E. K. 
O. Schmidt. (Metallwirtschaft, 1935, vol. 14, May 24, pp. 409- 
412). After explaining, briefly, the effect of contact of two 
dissimilar metals on their respective behaviours in a corroding 
medium, the author touches on the use of the phenomenon for 
protecting one metal at the expense of another (zinc coating on 
steel, zinc plates suspended in boilers, &c.), and discusses the three 
principal means of preventing the accelerated corrosion of the 
less noble metal, namely, by avoiding (a) the use of different 
metals, (>) the presence of electrolytes, or (c) electrical contact or 
connection between the two metals. 

Rusting and Scaling of Structural Steels under Tensile Stress. 
E. W. Miiller and H. Buchholtz. (Archiv fiir das Eisenhiitten- 
wesen, 1935, vol. 9, July, pp. 41-45). Specimens of commercially 
pure iron, basic Bessemer and open-hearth steels with 0-07 to 
0-16 per cent. of carbon, and a steel with carbon 0-2, copper 0-6 
and chromium 0-4 per cent., were allowed to rust for from three 
to nine months in the atmosphere or in flowing tap water while 
subjected to tensile stress in varying degree ; the influence on the 
weight loss and on the tensile properties was observed. Atmo- 
spheric attack was not accelerated by tensile stress, even up to 5 
per cent. permanent elongation ; in running water, on the other 
hand, the rusting appearéd to increase as a result of stressing. 
Steels containing (a) carbon 0-1 per cent., (6) carbon 0-13, molyb- 
denum 0-4 per cent., and (c) carbon 0-17, chromium 1, and molyb- 
denum 0-5 per cent., were allowed to scale in air and steam at 
600° to 900° C., while under tensile stress. Scaling was accelerated 
by tensile stresses with permanent elongation only when the layer 
of scale was brittle and cracked (for instance, at about 600° C.). 

Comparative Corrosion Tests on Soft Steel Sheets. IF. Eisenkolb. 
(Korrosion und Metallschutz, 1935, vol. 11, July, pp. 156-162). 
The author has carried out laboratory corrosion tests on thin 
sheet of nine steels in order to compare the results with those 
obtained in exposure tests (see Journ. I. and 8.1., 1934, No. IL., 
p. 716). After describing the specimens and their preparation, 
he records their behaviour when submitted to the alternate in- 
fluence of acid vapours, water and air, and when attacked by 
various corrosive liquids ; the results are presented in+tables and 
are discussed in detail. It appears that complete parallelism 
between the laboratory tests and the exposure tests was not ob- 
tained, though in certain cases there was some approximation. 
The steels used could be grouped according to their behaviour into 
copper-bearing steels, which were very pure, and the usual com- 
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mercial steels, which contained the normal impurities. In carrying 
out the tests by the various methods the order in which the cor- 
rosive media were applied and their strength were of determinative 
importance. The principal advantage of copper steels apyeared 
to lie in their use in the open air; in cold water they lost all their 
superiority, though they behaved slightly better in warm water. 
The author concludes by questioning the value of rapid corrosion 
tests and emphasises that the results obtained must be applied with 
the utmost circumspection. 

Corrosion Tests in Various Refinery Services. J. E. Pollock, 
E. Camp, and W. R. Hicks. (American Institute of Mining and 
Metallurgical Engineers, 1935, Technical Publication No. 639). 
Results of corrosion tests on a large number of ferrous and non- 
ferrous materials, under a variety of corrosive conditions— 
including those met with in refinery practice—are recorded. 
The relative merits of the alloys used are critically examined, on 
the basis of the test results obtained. 

Effect of Arsenic on the Corrosion of Iron by Sulphuric Acid. 
O. P. Watts. (Electrochemical Society, Mar. 1935, Preprint 
No. 17). The author reports the results of tests on the effect of 
arsenic on the corrosion rate of iron alone and when coupled with 
other metals in dilute sulphuric acid and in sea water. It is 
only when it is dissolved in the electrolyte that arsenic inhibits 
the corrosion of iron, and it has this effect only in solutions in 
which iron dissolves mainly by visible displacement of hydrogen. 
It is without effect on the corrosion of iron by oxygen depolarisa- 
tion. 

Effect of Various Elements on the Corrosion Resistance of 
Mild Steels. T. Murakami, H. Endé, and H. Sekiguchi. (Kinzoku 
No Kenkyu, 1935, vol. 12, Sept. 20, pp. 430-448). A series of 
corrosion tests on specimens of low-carbon steels containing small 
amounts of additional elements, exposed to non-oxidising acid 
and saline media was carried out. The effect of copper was first 
studied, the highest corrosion resistance being obtained with the 
specimen containing 0-35 per cent. of copper, corresponding to 
the solubility limit in «-iron. The influence of small percentages 
of various elements on the corrosion resistance of steel with 0-35 
per cent. of copper was next examined ; of the elements employed, 
aluminium, chromium and silicon were found to have a favourable 
effect, the influence of tungsten, nickel, molybdenum, cobalt, 
titanium and manganese being either indefinite or unfavourable. 
Oxidation tests and further corrosion tests were performed on 
steels containing copper, chromium, silicon or aluminium. These 
steels exhibit not only high resistance to corrosion in aqueous 
solutions, but also good resistance to oxidation in air at high 
temperatures. The authors suggest that this is due to the forma- 
tion of a stable oxide film on the surface of the steels; they 
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further remark that this may inhibit red-shortness in copper 
steels, since surface oxidation, with its accompanying deposition 
of the copper-rich phase in the boundaries of the surface crystals, 
is not likely to take place. 

Corrosion of Mild Steels Containing Copper. (Metallurgist 
1935, Oct. 25, pp. 79-80). An account of work carried out by 
various investigators on the corrosion of copper-bearing steels. 


Study of the Influence of Cold-Work on the Intergranular 
Corrosion of 18/8 Rustless Steels. Van den Bosch and Vialle. 
(Métaux, 1935, vol. 10, Mar., pp. 66-75). The authors first touch 
on the intergranular changes which take place on reheating 
annealed 18/8 chromium-nickel steel. They then discuss the 
changes on reheating the cold-worked material, the mode of pre- 
cipitation of the carbides, the rate of heating giving rise to the 
changes, and the influence of cold-work on the temperature range 
of susceptibility to alteration. Next, they deal with the stabilisa- 
tion of the steel, starting with cold-worked metal, and its applica- 
tion to welding. Regarding the use of stabilised 18/8 steel they 
draw the following conclusions: (1) This material can be are- 
welded without alteration ; (2) when used hot, in contact with 
reagents capable of setting up intergranular corrosion at tem- 
peratures below the temperature of stabilisation, if this stabilisation 
is not complete the first hours at temperature may cause a precipi- 
tation of carbide in the grain boundaries; this precipitation, 
however, is much less than in annealed 18/8 steel, and consequently 
homogenisation is more rapid. It is sufficient that the inter- 
granular corrosion due to the reagent shall proceed more slowly 
than the re-homogenisation. 

Marine Corrosion. J. W. Donaldson. (Metallurgia, 1935, 
vol. 12, Aug., pp. 117-118). In this article the results of investi- 
gations by various organisations on the subject of marine corrosion 
are reviewed. 

Resistance of Welds to Corrosion. A. Leroy and M. Bonnot. 
(Revue de la Soudure Autogéne, 1935, vol. 27, Mar., pp. 2-6). 
The authors first discuss the factors entering into the corrosion 
of welds and the influence on them of the conditions in which 
the welds are made. Next they touch on the carrying out of 
corrosion tests on welds, and then they discuss the corrosion of 
welds in steel, rustless and semi-rustless steels and non-ferrous 
metals, on the basis of published papers. 

Causes of Corrosion in Air Preheaters. W.Gumz. * (Wiarme- 
wirtschaft, 1935, No. 6: Fuel Economist, 1935, vol. 10, Aug., 
pp. 975-976). The author points out that air preheaters of the 
recuperative type often suffer serious corrosion owing to the 
deposition of moisture on the metallic surfaces. He then dis- 
cusses the behaviour of both recuperators and regenerators in 


” 














presets 





PHYSICAL AND CHEMICAL PROPERTIES. 527 


regard to the temperatures which obtain and the likelihood of 
condensation. 

The Control of Corrosion in Air-Conditioning Equipment by 
Chemical Methods. C. M. Sterne. (American Society for Testing 
Materials, 1935, Preprint No. 30). Corrosion attack of the 
metallic parts of air-conditioning systems can be so severe that 
perforation of ferrous sheets and pipes may take place in as 
short a time as four months if the wash water or condenser water 
is not chemically treated. Practically every type of corrosion 
attack is common in these systems. Service corrosion tests and 
analyses of the recirculated water show very clearly the causes 
and degree of severity of that attack. The results of tests indicate 
the degree of protection that may be obtained by proper chemical 
treatment. Representative cases are reported. 

The Relation between Soil Resistance and Underground 
Currents. K.G. Lewis and U. R. Evans. (Korrosion und Metall- 
schutz, 1935, vol. 11, June, pp. 121-125). After discussing 
briefly stray currents from, say, tramway lines, and the paths that 
they may take, the authors describe laboratory experiments de- 
signed to determine the relation between the resistance of the 
soil and the intensity of the stray currents. Two steel rods were 
embedded in sand moistened with solutions of various strengths 
of salt and also tap water; by suitable electrical circuits it was 
possible to measure the amounts of current flowing for different 
values of the resistance when various external e.m.f’s were applied. 
The results obtained are recorded in graphs. When the two rods 
were embedded at the same depth in the sand or were otherwise 
arranged “ symmetrically,” the curves (resistance plotted against 
the current flowing in the positive or negative direction) were 
symmetrical about the resistance axis, but when one rod was 
more deeply buried than the other, or was only half-buried, this 
was no longer the case, and the current was always stronger when 
the upper rod was the cathode ; this was due to the fact that the 
upper rod was better aerated than the lower one. It is concluded 
that for high resistances, the magnitude of the resistance alone 
determines the strength of the stray current, but for smaller 
resistances the degree of access of oxygen has a considerable 
influence. 

Clearance Cavitation in High-Speed Turbo-Machines. H. 
Mueller. (Zeitschrift des Vereines deutscher Ingenieure, 1935, 
vol. 79, Sept. 28, pp. 1165-1169). It was found that erosion on 
the edges of the blades of water turbines without blade rims was 
caused by cavitation in the clearance space and whirling action 
against the wall. The flow in the clearance space was therefore 
investigated, theoretically and practically, and as a result a 
simple means of preventing erosion due to cavitation in the 
vortex at the wall is suggested. 
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LABORATORY EQUIPMENT. 


The Building and Public Works Laboratories in Paris. R. 
L’Hermite. (Génie Civil, 1935, vol. 107, July 13, pp. 29-35). 
High-Power Machine for Testing Structural Parts. R. L’Hermite. 
(Génie Civil, 1935, vol. 107, July 13, pp. 44-45). The testing 
laboratories of the Société Mutuelle d’Assurance des Chambres 
Syndicales du Batiment et des Travaux Publiques, situated in 
Paris, and the equipment installed for carrying out mechanical 
tests on structural material and parts are described in the first 
article. In the second, features of the construction of a high- 
power machine for applying test loads to structural parts are 
set out ; it comprises five jacks, one of 2,000 tons and the others 
capable of exerting a force of 100 tons each. 
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ANALYSIS OF IRON AND STEEL. 


The Determination of Chromium in Stainless Steel, Using 
Perchloric, Phosphoric and Sulphuric Acids. G. F. Smith and 
G. P. Smith. (Journal of the Society of Chemical Industry, 1935, 
vol. 54, June 21, pp. 1857-1897). It is shown that a mixture of 
1 volume of 70-72 per cent. perchloric acid and 2 volumes of 85 per 
cent. phosphoric acid is an excellent solvent for chromium, nickel- 
chromium and tungsten steels. Solution is complete at 200° C. 
If a solution of mixed perchloric and sulphuric acids is added to 
this solvent a method of determining chromium in steels is made 
possible which is at once economical and rapid. The method 
gives accurate and reliable results. 

Estimation of Iron in the Presence of Titanium : An Aeration 
Process. W. M. Thornton, jun., and R. Roseman. (Journal of 
the American Chemical Society, 1935, vol. 57, pp. 619-621). 

A Modified Persulphate-Arsenite Method for Manganese. E. B. 
Sandell, I. M. Kolthoff and J. J. Lingane. (Industrial and 
Engineering Chemistry, 1935, Analytical Edition, vol. 7, July 15, 
pp. 256-258). A method for the determination of manganese in 
steel is proposed, in which the permanganic acid formed by the 
oxidation of the sample with ammonium persulphate in the 
presence of phosphoric acid with silver as the catalyst, is titrated 
with a reducing solution containing equivalent amounts of sodium 
arsenite and sodium nitrite, instead of with the customary sodium 
arsenite alone. The heptavalent manganese is reduced to the 
divalent condition and the solution therefore becomes colourless 
at the end-point. Small amounts of chromium, vanadium, nickel 
and molybdenum do not interfere. Silver must be precipitated 
as the chloride before the titration can be made. 

Separation of Molybdenum in Alloy Steels, especially from 
Tungsten, and its Potentiometric Determination. W. Werz. 
(Zeitschrift fiir analytische Chemie, 1935, vol. 100, pp. 241-257). 

Colorimetric Methods for the Determination of Phosphorus. 
C. Zinzadze. (Industrial and Engineering Chemistry, 1935, 
Analytical Edition, vol. 7, July 15, pp. 227-250). Two colorimetric 
methods for the determination of phosphorus in the presence of 
silica, arsenic, iron and nitrates are outlined. The methods depend 
on the use of molybdenum blue in sulphuric acid, or the reduction 
of MoO, with stannous chloride. The author describes the tech- 
nique to be adopted in each case. 
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Sulphur Determination by the Combustion Method in Carbon 
Steels, High-Speed Steels, 18:8, &c. H. A. Kar. (Metals and 
Alloys, 1935, vol. 6, Aug., pp. 223-225). The sulphur is deter- 
mined by burning a sample of the steel in a stream of oxygen in 
a bent-over combustion tube and absorbing the sulphur dioxide 
and trioxide so produced in sodium peroxide solution. The solu- 
tion is boiled, acidified with HCl, and the sulphur is precipitated 
with barium chloride in the usual way. 

A Rapid Method for the Determination of Sulphur in Ferro- 
magnetic Alloys. B. L. Clarke, L. A. Wooten and C. H. Pottenger. 
(Industrial and Engineering Chemistry, 1935, Analytical Edition, 
vol. 7, July 15, pp. 242-244). Existing methods for the deter- 
mination of sulphur in iron and steel failed to give satisfactory 
results when applied to nickel alloys of low sulphur content. 
A new method was devised which consisted of heating the turnings 
in hydrogen at 1,100° to 1,200° C., the hydrogen sulphide evolved 
being collected in ammoniacal cadmium nitrate solution and the 
resulting cadmium sulphide estimated by the Volhard method, 
or by a modification of the iodometric method. The precision 
of the method, for the range 0-005 to 0-020 per cent. of sulphur, 
is +0-001 per cent. of sulphur on the basis of a 10-grm. sample. 

Electrolytic Determination of Titanium, Zirconium or 
Aluminium in Chromium Steels and Alloys. H. A. Kar. (Metals 
and Alloys, 1935, vol. 6, June, pp. 156-157). The sample of 
chromium-nickel steel is dissolved in 10 per cent. sulphuric acid 
and filtered into a beaker for the subsequent electrolytic separa- 
tion. The beaker contains mercury at the bottom forming the 
cathode ; the solution is constantly agitated during electrolysis by 
means of a motor-driven stirring rod. The anode is a small 
platinum plate. The solution is electrolysed at 4 amp. for 1} 
to 2 hr. The residue previously obtained is washed, fused with 
potassium bisulphite, dissolved, and combined with the main 
solution whilst electrolysis is in progress. This treatment removes 
interfering elements and leaves the titanium, zirconium and 
aluminium, if present, in the electrolyte. The solution is then 
filtered, and the filtrate is either (a) treated with cupferron, filtered 
and the silica volatilised off with HF, the final residue being 
ignited and weighed, or (b) treated with ammonia and ammonium 
persulphate and filtered, the silica being volatilised off as before, 
and the residue fused with potassium bisulphate, dissolved and 
subjected to precipitation by H,S. This method with suitable 
modifications can be used for estimating aluminium im nitralloy 
and similar steels. 

Progress in Spectographic Analysis. T. A. Wright. (Metals 
and Alloys, 1935, vol. 6, Sept., pp. 229-234; Oct. pp. 283-292). 
These articles constitute a correlated abstract of six papers on 
aspects of spectrographic analysis. They contain notes on the 
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spectographic analysis of non-ferrous and ferrous materials. 
sampling, electrodes, and the precision and range of the methods 
adopted. 

Industrial Spectrum Analysis.—I. C. S. Hitchen and C. J. D. 
Gair. (Chemical Age, 1935, vol. 33, July 20, pp. 51-52). It is 
pointed out that spectrography is an invaluable method of deter- 
mining the minor constituents of a sample of material; it is 
also shown that the phenomenon associated with spectral radiation 
—namely, the disappearance of the faint lines first as the spectrum 
becomes weaker—enables very small concentrations to be esti- 
mated. Attention is then devoted to the apparatus used, and 
the authors describe the type of electric are which is used for the 
examination of material in the rod, powder or liquid form. 

Inlustrial Spectrum Analysis.—II. C.S. Hitchen and C. J. D. 
Gair. (Chemical Age, 1935, vol. 33, July 27, pp. 75-76). In 
the second article on spectrum analysis the apparatus required 
for spark spectra is described ; this consists of a light source (a 
high-voltage spark discharge) and a light condensing system. 
Spectographs and spectrometers are briefly touched on. 

Iniustrial Spectrum Analysis.—III. C. 8S. Hitchen and 
C. J. D. Gair. (Chemical Age, 1935, vol. 33, Aug. 3, pp. 99-101). 
In the third article the authors proceed to examine the 
methods of spectrum analysis commonly employed. They show 
that for reasonably accurate quantitative work the internal 
standard method, in which the intensities of the lines due to a 
minor constituent are matched with lines due to the main con- 
stituent, should be adopted, in order to eliminate the effect of 
variation in the electrical discharge conditions. Applications of the 
internal standard method, in which homologous pairs in one case, 
and a logarithmic wedge sector in another, are employed, receive 
consideration. 

Errors in the Quantitative Spectrum Analysis of the Iron- 
Silicon System. G. Scheibe and A. Schéntag. (Archiv fiir das 
Eisenhiittenwesen, 1935, vol. 8, June, pp. 533-540). The authors 
discuss the possible sources of error in the quantitative spectrum 
analysis of alloys in the iron-silicon system, and describe their 
investigation of the direction and extent of their influence. They 
deal with the “‘three-line’”’ method and its improvement by 
the introduction of a platinum “step” immediately in front 
of the spectroscope slit which reduces the intensity of the lines 
to about one-quarter over about half their length; in this way 
only one line of the basis metal and one line of the added element 
are required for measurement, and, further, the lines can be 
measured in the weakened or unweakened part, so that the range 
of utility of a line in regard to the concentration is increased 
tenfold. The authors show that under the conditions described 
the average error for steel is + 3 per cent. (it may rarely rise to 
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8 per cent. under very unsuitable conditions), for chill-cast 
iron the maximum error is + 9 per cent. and for grey iron + 11 
per cent., for a silicon content of 0-2 to 1-0 per cent. in the iron. 

A New Method of Extraction of Gases in Metals. L. Moreau, 
G. Chaudron and A. Portevin. (Comptes Rendus, 1935, vol. 201, 
July 16, pp. 212-214; Metallurgist, 1935, Oct. 25, p. 71). A 
method of extracting gases from metals, in which the specimen is 
made the cathode of an evacuated discharge tube, is described. 
The process is carried out in the cold with a current of 5 milliamp. 
at 150,000 v. So far, tests have been made on aluminium, calcium, 
iron and magnesium. 





ANALYSIS OF FUEL. 


British Standard Specification for the Sampling of Coal Tar 
and Its Products. (British Standards Institution, No. 616-1935). 

Variables in Coal Sampling. J. B. Morrow and C. P. Proctor. 
(American Institute of Mining and Metallurgical Engineers, 
1935, Technical Publication No. 645). 

Sampling and Samplers. P. Rzezacz. (Gliickauf, 1935, 
vol. 71, July 27, pp. 701-709). ‘The author discusses the errors 
which may occur in the sampling of coal by various means, 
and appliances for carrying out the sampling mechanically. 
In conclusion, he deals with the organisation of the sampling 
in a washery. 

Note on the Determination of Nitrogen in Coal. P. E. Hall. 
(Journal of the Chemical, Metallurgical and Mining Society of 
South Africa, 1935, vol. 36, Aug., pp. 28-30). A modification 
of the Kjeldahl-Gunning-Wilfarth method of estimating nitrogen 
in coal, due to Beet, is described. In the original method a sample 
of the coal is digested with sulphuric acid in the presence of a 
K,SO,-Hg catalyst. This is followed by distillation of the 
ammonia into acid, and back-titration. Beet’s modifications 
include the substitution of a small quantity of selenium for some 
of the mercury in the catalyst, the absorption of the ammonia 
by boric acid, followed by an acid titration, and the use of a 
mixed methyl-red/methylene-blue indicator in this titration. 
This improved method is accurate, quick, and less costly than the 
original Kjeldahl estimation. ; 

New Gas Analysis Apparatus. F. Biichler. (Gliickauf, 1935, 
vol. 71, July 6, pp. 641-643). The author gives details of a 
measuring burette capable of being read to 0-01 per cent. by 
volume, and a new form of gas absorption vessel. 

Accurate Determination of Naphthalene according to Zwieg 
and Kossendey. H. Winter. (Gliickauf, 1935, vol. 71, Aug. 17, 
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pp. 789-790). A short note on an improved method for deter- 
mining naphthalene in gases, devised by Zwieg and Kossendey 
(Gas- und Wasserfach, 1935, vol. 78, p. 101). The difficultly 
soluble molecular compound formed by naphthalene with picric 
acid has long been used for this purpose, but to obtain accurate 
results the operating conditions must be held within very narrow 
limits, as the temperature and concentration of the picric acid 
have a very marked influence. In the improved method described 
the gas passes through a wash-bottle containing .V/10 sulphuric 
acid (to remove ammonia), then through the absorption train 
proper, and then to the volume-meter. The temperature of the 
absorption train is maintained at 0° C. by placing it in Dewar 
flasks and surrounding it with broken ice. The naphthalene 
picrate precipitated in the absorption train is filtered off, washed, 
and redissolved in hot water; the picric acid thus liberated is 
titrated with N/10 alkali solution, using phenolphthalein as 
indicator. 
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CLEAVES, H. E. and J. G. THompson. ‘“ The Metal—lIron.” (Alloys 


of Iron Research, Monograph Series, Frank T. Sisco, Editor). 
8vo, pp. 574. Illustrated. New York and London, 1935: 
McGraw-Hill Book Company, Inc. (Price 36s.) 


This text book forms the sixth volume of the Monograph Series of 
the Alloys of Iron Research published by the Engineering Foundation. 
It reviews all the available information on the preparation and properties 
of metallic iron of high purity, obtained by the two principal methods, 
namely, by electrolytic deposition, and by chemical methods. It has never 
been possible to determine exactly the fundamental properties of absolutely 
pure iron, that is, of iron which contains no trace of any other element. 
Such iron has never been prepared, at least in useful quantities, and the 
best available approximation of the properties of pure iron can only be 
made by a study of the properties of the purest irons on record. The authors 
accordingly have defined these as the properties of high-purity iron, and 
throughout the book the expression, pure iron, is avoided. The succeeding 
chapters deal with the structure, thermal properties, electric and magnetic 
properties, the chemical and mechanical properties, the question of heat 
treatment and ageing, and the effect of minor constituents. An appendix 
to the volume contains a condensed summary of all the physical, chemical 
and mechanical properties of iron of the highest attainable purity, some 
of the values probably representing those of absolutely pure iron. At 
the end is given a practically complete bibliography of the literature on 
the subject, arranged in chronological order, dating from 1827 to 1935, 
and followed by an index of authors’ names in alphabetical order. The 
whole work forms a most useful survey of the knowledge and characteristics 
of the metal iron, so far as these have been able to be ascertained with the 
means at present at disposal. 


Dwye_Er, P. ‘‘ Gates and Risers for Castings.’ Function and Applica- 
gq Ppp 


tion of Gates and Risers in the production of castings of grey 
iron, brass, bronze, aluminium, steel and malleable iron. First 
edition. 8vo, pp. 364. Illustrated. Cleveland, Ohio, and 
London, 1935: The Penton Publishing Company. (Price 13s.) 


This book has been written primarily for the benefit of foundrymen 
who may not have full opportunity to study the art of foundry practice 
in all its numerous ramifications. There is no standardised practice among 
foundrymen in the proper application of gates and risers, and no type of 
gate has been invented to serve satisfactorily and universally on all classes 
of castings ; under different conditions a particular gate may be favoured 
by one man and absolutely condemned by another. In this work specific 
instances are presented of satisfactory methods of gating for ‘practically 
all classes of castings, and a fairly successful effort has been made to explain 
the principles of their application and how such principles are affected by 
the many variable factors incident to foundry operation. No attempt has 
been made to investigate abstruse theories on physical, mechanical, or 
metallurgical phenomena, the author’s intention having been to compile 
a practical treatise for the use and benefit of men confronted with the 
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solution of the every-day problems arising in the course of their work. 
Throughout a period of 40 years the author has had unlimited opportunity 
to study foundry methods on every type of casting, and the present volume 
is based on his accumulated experience acquired during the pursuit of his 
activities as a practical foundryman. 


Eccert, J., und E. Scuresoitp. ‘* Anwendungen der Réntgen- und 

. : iE : 
Wlektronenstrahlen mit besonderer Beriicksichtigung organisch- 
chemischer Probleme.” (Rontgentagung in Bonn,1934). Herausge- 
geben im Auftrage der Deutschen Gesellschaft fiir technische 
Roéntgenkunde beim Deutschen Verband fiir die Materialpriifungen 
der Technik. (Ergebnisse der technischen R6ntgenkunde. Band 
IV.) 8vo, pp. vii + 190. Tllustrated. Leipzig, 1984: Akadem- 
ische Verlagsgesellschaft, m.b.H. (Frice 19.50 marks.) 

This publication consists of a collection of monographs chiefly dealing 
with the practical application of X-rays and electron rays to the study 
of problems concerned with organic chemistry. The papers in question 
were presented at the annual meeting of the Deutsche Bunsengesellschaft 
held in Bonn on May 19, 1934, and they have now been issued to form 
Volume IV. of the valuable series of Proceedings of the Deutsche Gesellschaft 
fiir technische Réntgenkunde. They relate largely to the investigation of 
organic structures, such as cellulose and its derivatives, graphite, &c. 
Modern X-ray tubes are described by A. Bouwers, and W. Gerlach gives a 
short history of Réntgen’s discovery of the X-rays. 


Eccrert, J., und E. Scutesotp. “* Anwendungen der Durehstrah- 
lungsverfahren in der Technik.” Herausgegeben im Auftrage der 
deutschen Gesellshaft fiir technische R6ntgenkunde beim 
Deutschen Verband fiir die Materialpriifungen der Technik. 
(Ergebnisse der technischen R6ntgenkunde. Band VY.) 8vo, 
pp. vii + 118. I[llustrated. Leipzig, 1935: Akademische 
Verlagsgesellschaft, m.b.H. (Price 15 marks.) 

The present publication forms volume V. of the proceedings of the 
‘** Deutsche Gesellschaft fiir technische R6ntgenkunde beim Deutschen 
Verband fiir die Materialpriifungen der Technik ’’ (Committee 60 of the 
D.V.M.). It consists of a series of 10 papers presented to the German 
Society for X-Ray Technology on the occasion of its Spring Meeting at 
Leipzig, 1935, the authors and titles of which are enumerated below : 

R. Berthold. Der Augenblickliche Stand der Réntgen- und Gamma- 
durchstrahlung. (The present position of Réntgen- and Gamma radio- 
graphy.) 

M. Widemann. Die Sonderstellung der Durchstrahlungs verfahren im 
Werkstoff-Priifwesen. (The special Role of Radiographic Methods in the 
Testing of Materials.) 

P. Brenner. Rontgenprifung in der Luftfahrt. (X-Ray Testing as 
applied to Aircraft.) 

E. Schatzmann. Réntgenpriifung in der Marine. (X-Ray Testing in 
the Navy.) 

A. Matting. Réntgenpriifung im Werkstoff-Priifwesen der Reichsbahn. 
(X-Ray Testing, as applied in Testing Methods for Railway Material.) 

W. Schmidt. Réntgenpriifung beim Briickenbau. (X-Ray Testing in 
Bridge Construction.) 

F. Stablein. Durchleuchtung eines Druckbehalters fiir die chemische 
Industrie mit Mesothorstrahlung. (Irradiation of a Pressure Tank for 
the Chemical Industries by means of Mesothorium Radiation.) 











NOTICES OF RECENT BOOKS. 


O. Vaupel. Réntgenpriifung von Stahlseilen. (X-Ray Testing of Steel 
Ropes.) 

. W. Grimm. Technische Hilfsmittel fiir die praktische Ausfiithrung von 
réntgentechnischen Grobstrukturuntersuchungen. (Technical Aids for the 
Practical Performance of X-Ray Investigations of Coarse Structures.) 

H. Stintzing. Stand der Technik offerer Hochleistungs-Réhren fiir die 
Réntgen-Durchleuchtung. (The Position with regard to the Technology 
of Unsealed High-Duty Tubes for X-Ray Penetration.) 


‘** International Repertory of Centres of Chemical Information.” La. 8vo, 


pp. 115. Paris: Office International de Chimie. 

The function of the International Office of Chemistry is not itself to 
undertake any work of documentation but to direct the student to the 
sources likely to afford him the desired information. The Repertory of 
International Centres of Documentation is the outcome of a resolution 
passed by the International Union of Chemistry at its Fourth Conference 
at Cambridge. to the effect that an enquiry should be set on foot with regard 
to existing centres of documentation, with a view to the publication of a 
list of various offices in all the principal countries which issue abstracts 
and bibliographies of literature dealing with chemistry and allied subjects, 
giving their addresses, the subjects in which they specialise, and a brief 
description of their mode of operation. By this means it is considered that 
a notable service will be rendered to seekers after information and research 
workers by directing them to the nearest institution in a position to supply 
them promptly with the documentation of which they stand in need. The 
present work contains a list of most of the important institutes which 
make a practice of issuing information of the kind indicated, and much 
credit is due to M. Jean Gerard of Paris, who is responsible for the compiling 
and editing of the publication. 


Jones, T., and T. G. Jones. *‘* Machine Drawing for the Use of 


Engineering Students in Science and Technical Schools and 
Colleges.” Book I. Revised edition. 8vo, pp. 138. Illustrated. 
Manchester, 1935: John Heywood, Ltd. (Price 6s.) 

The object of this book is to impart to the engineering student a good 
style of draughtsmanship and a knowledge of the construction of the 
principal component parts of an engine. It is essential that the student 
should be trained from the outset in the subject of correct projection, the 
method adopted throughout the book being that recommended by the 
British Standards Institution. This method is based on the principles 
of projection which have always been rigidly applied in the subject 
of solid geometry. To begin with, a number of general simple details 
are given which are accompanied by isometric drawings, as the 
equivalent of models. In this way the student is taught to exercise his 
imagination and to acquire at an early stage the ability of visualising the 
shape of an object, or of reading a drawing. In order that the subject 
may not become a purely mechanical operation, involving no more than 
neat draughtsmanship, the details of a mechanism are in many cases shown 
separately, the student being required, with the aid of isometric drawings 
of reference, to make the necessary views with the parts assembled. Much 
experience is needed for the dimensioning of a drawing in a correct and 
efficient manner, and examples of free-hand lettering and figuring are given, 
for the purpose of practice in providing the workman with all the informa- 
tion and dimensions necessary for the correct shaping of the part. The 
usefulness of the book will be appreciated by all concerned with the teaching 
and application of the drawing of mechanical engineering details. 


Maier, A. F. ‘“ Hinfluss des Spannungszustandes auf das Formédn- 


derungsvermégen der metallischen Werkstoffe.’ 8vo, pp. 47. 
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Illustrated. Berlin, 1935: V.D.I. Verlag, G.m.b.H. (Price 
5 marks.) 


This publication consists of a Communication from the Testing Labora- 
tory of the Technical High School, Stuttgart. The author reports the 
results of experiments made to determine the amount and distribution of 
the stresses necessary to produce incipient flow in the material and the 
point at which positive deformation takes place in metallic bodies. The 
test-specimens were in the form of steel and cast-iron tubes and cylindrica] 
bodies. 

SEEGER, CG. * Wirkung von Druckvorspannungen auf die Dauer 
festiykeit metallischer Werkstoffe.’  8vo, pp. 56. — Illustrated. 
Berlin, 1935: V.D.1. Verlag, G.m.b.H. (Price 5 marks.) 

This publication consists of a report of an investigation made in the 
Testing Laboratory of the Technical High School at Stuttgart with the 
object of determining the effect on metal specimens of alternating stresses of 
high periodicity and fixed range, under the gradual application, meanwhile, 
of compressive or tensile stress. Yielding of the material is found to take 
place at a definite value of the applied mean stress. The work is based, 
to some extent, on the results obtained by J. H. Smith in his research on 
the fatigue of metals, as reported in the Journal of the Iron and Steel 
Institute, 1910, No. II., p. 246. 


Tay Lor, F, Jounstonr. ‘“ Workshop Practice ; A Practical Textbook.” 
A revised and enlarged edition of E. Pull’s ** Wodern Workshop 
Practice.” 8vo, pp. 759. With 542 figures in the text. London, 
1935: The Technical Press, Ltd. (Price 16s.) 

The recent increase in the number of technical institutes and trade 
schools throughout the United Kingdom has placed within the reach of a 
large number of students opportunities of systematic instruction in engin- 
eering workshop practice. The aim of the author is to meet the require- 
ments of those students by the presentation of a concise treatment of all 
branches of practical engineering. The work includes chapters on measuring 
tools and measuring machines, gauge systems and gauges of many different 
types, workshop tools, cutting speeds and feeds, screw cutting, gears and 
gear cutting. In addition, the subject of materials and the various methods 
employed in the melting of cast iron and alloy cast iron are fully dealt with. 
A description is given of the manufacture of wrought iron, crucible steel, 
open-hearth steel, alloy steels, and of drop forging and machine forging, 
and grinding. A number of tables of data useful to engineers is appended, 
including constants for the conversion of English weights and measures 
into the corresponding metrical equivalents. With the aid of this book 
the student or improver should be able to gain an all-round knowledge 
of the practice and principles of engineering practice. 

Voce, J. L. F., and W. F. Rowpen. ‘ Molybdenum Steels: their 
Manufacture and Application.” Prepared for High Speed Stee] 
Alloys, Ltd. With a Foreword by Lord Riverdale of Sheffield. 
8vo, pp. 103. Illustrated. Widnes, 1935: High Speed Stee! 
Alloys, Ltd. (Price 6s.) 

In recent years the use of molybdenum as an alloying element in steel 
has developed at a rapid rate, the increase in its use not being due to any 
distinctive cleansing or deoxidising effect but to the important influence 
exerted by it in improving the mechanical properties of steel both at 
normal and at high temperatures. It may be mentioned that Dr. T. 
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Swinden was one of the first, in 1911, to make a complete study of the 
effect of adding molybdenum to steel, and its influence on the chemical, 
mechanical and electrical properties. In the present book is given a short 
description of the occurrence of molybdenum in the form of a disulphide and 
of the character of the metal after extraction from its ores. The form in 
which it is used for alloying with molten steel is a non-volatile compound 
of molybdenum trioxide and other elements, such as silica and lime, which 
are not harmful to the product. The metallurgical operations involved in 
the manufacture of the alloys and their subsequent treatment and properties 
are all presented in detail from a practical point of view, so that users as well 
as manufacturers may gain a clear idea of the value of molybdenum as a 
constituent of high quality steel whether of a simple or complex character. 


Warnock, F. V. “‘ Strength of Materials.’ A Text Book Covering the 


Syllabuses of the B.Sc.(Eng.), A.M.I.C.E. and A.M.I.Mech.E. 
Examinations in this Subject. Second edition. 8vo, pp. ix 
373. Illustrated. London, 1935: Sir Isaac Pitman and Sons, 


Ltd. (Price 10s. 6d.) 

The work covers the syllabuses of the B.Sc.(Eng.), the A.M.LC.E. and 
the A.M.I.Mech.E. examinations in the subject of the stre sngth of materials. 
It is intended for engineering students, and although its main purpose is to 
assist those students working for the degrees of the University of London 
and the examinations of the chief professional engineering institutions, it 
will be found to cover the courses of other universities, and will, no doubt, 
prove useful to many practising engineers. In setting forth the derivation 
of the formule essential for the design of structures, beams and machine 
parts, an enormous number of arithmetical calculations have been made 
for the estimation of the endless variety of stresses which the material 
may be called upon to meet in service. The final chapter describes the 
more important types of testing machines, for measuring the tensile pro- 
perties, hardness, resistance to impact, and endurance qualities. The 
methods of cement testing have been brought up to date and are in agrce- 
ment with the latest specification of the British Standards Institution. 


Wititams, R. S., and V. O. Homerserc. “ Principles of Metallo- 


graphy.’ ‘Third edition. 8vo, pp. 313. Illustrated. London, 
1935: McGraw-Hill Publishing Co., Ltd. (Price 21s.) 

This book, the first edition of which was issued in 1919, has now reached 
its third edition, the text having been rewritten and rearranged in order 
to take full account of the technical and scientific advances that have 
since been made in the study of the metallography of both ferrous and 
non-ferrous metals. As indicated in the preliminary pages, it forms one 
of the comprehensive International Chemical Series of which Dr. J. F. 
Norris is the consulting editor. Metallography is one of the most important 
divisions of the larger field of physical metallurgy and the study of the 
principles of metallography has done more than anything else to systematise 
the knowledge of alloys and to make possible the remarkable advances 
in the use of metals that have taken place in the last thirty years. This 
volume has been compiled with the object of meeting the needs of those 
students of general science and engineering who do not have to specialise 
in metallography, but who must of necessity make use of it in connection 
with their professional work. In the first chapter the meaning and signifi- 
cance of the alloy diagram is clearly explained. The authors then proceed 
to discuss the characteristics of non-ferrous alloys of technical importance, 
with special reference to aluminium alloys, iron and steel alloys, including 
stainless steel, X-ray methods and magnetic methods of testing, and the 
optics of metallography. A set of tables is appended co taining data of 
general use to metallographists, together with a descriptive list of the more 
important books and journals dealing with the subject. 
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SUBJECT INDEX. 


[References to the papers read before the Institute are indicated by the word 


Paper following the page number. 
incidentally mentioned in a paper. 


The letter P. denotes a reference to a subject 
The letters D. and A. denote references to 


discussions on papers and to the section dealing with abstracts respectively.] 


ABRASIVE MATERIAL, Norbide, 445A. 
ABRASIVES, flotation method of pre- 
paring for metallographic work, 
507A. 
AGE-HARDENING, metals, 476A. 
AGEING: 
magnetic, iron, effect of oxygen, 477A. 
steel, 476A. 
steel, effect of deoxidation, 477A. 
steel, effect of nitrogen and oxygen, 
477A. 
AIR-CONDITIONING 
rosion, 527A. 
Arr Furnaces, pulverised-coal-fired, 
342A. 
AIR PREHEATERS, corrosion, 526A. 
AIRCRAFT CONSTRUCTION : 
alloy steels for, 495A. 
cracks in welded joints, 443A. 
ArecraFt ENGINE Parts, heat treat- 
ment, 424A. 
ALITISED Cast [Ron, 466A. 
ALLIED Propvucts Corp., 
ment plant, 4174. 
ALLOYS : 


EQUIPMENT, cor- 


heat-treat- 


aluminium-chromium-iron, melting 
point, 517A. 
chromium-aluminium-iron,  proper- 


ties, 518A. 

chromium-nickel, effect of hydrogen- 
nitrogen mixtures, 486A. 

chromium-nickel, properties, 518A. 

constitution, 506A. 

copper-nickel-iron, electrodeposition, 
449A. 

electric resistance, properties, 505A, 
517A, 518A. 

ferromagnetic, modulus of elasticity, 
effect of magnetisation, 471A. 

grain-size, 506A. 

heat-resistant, properties, 518A. 

iron-manganese, constitution, 514A. 

iron - manganese, transformation, 
5144. 

iron-molybdenum, structure and com- 
position, 5164. 
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ALLOYS (contd.)— 
iron-nickel, equilibria with iron-nickel 
silicates, 381A. 
iron-nickel, irreversibility, 515A. 
iron-nickel, magnetic properties, 
effect of structure, 503A. 
iron-nickel, spectrum analysis, 531A. 
iron-nickel, structure, 503A. 
iron-nickel-chromium, tempering 
effect of tension, 4304. 
iron-silicon, magnetic properties, 
504A. 
iron-tungsten, structure and com- 
position, 516A. 
nickel, determination of 
530A. 
nickel, use, automobile construction, 
496A. 
nickel-chromium, use for 
resistance, 517A. 
nickel-cobalt-iron, properties at high 
temperatures, 486A. 
nickel-iron, drawing, 414A. 
tin, equilibrium diagram, 516A. 
tungsten-cobalt iron, stability at high 
temperatures, 485A. 
ALOXITE REDMANOL, 373A. 
ALTERNATING STRESS, notch sensitive- 
ness of steel, 473A. 
ALUMINA : 
effect in blast-furnace slag, desul- 
phurising action, 357A. 
effect on phosphorus distribution in 
steelmaking, 39P. 
ALUMINIUM: 
determination in chromium. steel, 
530A. 
effect in cast iron, 465A. 
effect in copper steel, corrosion, 525A. 
effect in steel, corrosion, 525A. 
effect in steel, grain-size, 4934. 
ALUMINIUM-CHROMIUM-IRON ALLOYS, 
melting point, 517A. 
ALumtinium CoatTinas, 448A. 
AMERICAN Cast IRON PIPE Co., pipe 
casting, 371A. 


sulphur, 


electric 
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AmERICAN CoaL, coking properties, 


AMERICAN SprraL Sprina & MANv- 
FACTURING Co., heat-treatment 
plant, 425A. 

AMMONIA, recovery, 3484. 

AMMONIA SYNTHESIS EQUIPMENT, 
metals for, 486A. 

Ampco METAL, 394A. 

ANALYSIS : 

fuel, 532A. 

gas, apparatus, 532A. 

iron and steel, 529A. 

spectrum, 530A, 5314. 

spectrum, iron-nickel alloys, 531A. 

ANNEALING, bright, use of propane, 
423A. 

ANNEALING FurnacEs, bright, 4174, 
418A. 

ANTIMONY, effect in enamels, 457A. 

Armco Iron: 

behaviour under deformation at high 
temperatures, 179P. 
transformation, alpha-gamma, 512A. 

ARMSTRONG, Sir W. G., WHITWORTH & 
Co., foundry plant, 368A. 

ARSENIC : 

effect on electrolytic-iron sheets, 
magnetic properties, 5044. 

effect on iron, corrosion in sulphuric 
acid, 525A. 

AspHALT Coatinos for tanks, 458A. 

ASSOCIATES, election, 9. 

AsToN Process, 359A. 

ATMOSPHERES, controlled, heat-treat- 
ment furnaces, 418A. 

AUSTENITE : 

in alloy steel, 510A. 

retained, cobalt high-speed steel, 
430A. 

transformation in alloy steel, effect 
of elements, 512A. 

transformation, carbon steel, 513A. 

transformation, initiatory period, 
513A. 

transformation temperature, har- 
dened steel, 513A. 

AUSTENITIC WELDING, Krupp process, 
435A. 

AUTOMOBILE AXLE GEARS, endurance, 
4924. 

AUTOMOBILE CasTINGs, German prac- 
tice, 467A. 

AUTOMOBILE CONSTRUCTION, use of 
nickel alloys, 496A. 

AUTOMOBILE CRANKSHAFTS, production, 
372A. 

AUTOMOBILE Parts : 

flash welding, 438A. 





AUTOMOBILE Parts (contd.)— 
pressing and stamping, 394A. 
Autumn MEETING, proceedings, |. 


BaDDESLEY COLLIERY, coal-cleaning 
plant, 3414. 
BALLENTINE TESTING MACHINE, 479A. 
Bar MILts: 
407A. 
running-out time of bars, 404A. 
Bars: 
cold-drawn, production, 397A. 
seam formation, effect of roll design, 
398A. 
Bastc ExLectric FURNACE PRACTICE: 
385A. 
slag control, 385A. 
Basic Opren-HEARTH PROCESS, re- 
actions, 381A. 
Basic Process, distribution of phos- 
phorus between metal and slag, 
13, Paper. 
BeartnG METAL, penetration into steel, 
3P. 
BEARINGS : 
adjustment, 400A. 
anti-friction, 400A. 
effect of roll-neck deflection on life, 
400A. 
maintenance, 401A. 
roller, 400A. 
roller, tempering, 417A, 428A. 
Schépf type, 4024. 
self-aligning, 400A. 
8.K.F. type, 4014. 
Timken type, 401A. 
Vereinigte Kugellagerfabriken type, 
401A. 
BeE.eivM, blast-furnace practice, 354A. 
BELLS, cast-steel, production, 3724. 
BEND FatiguE STRENGTH, stepped 
shafts, effect of fillets, 490A. 
Benp Tests, cast iron, 460A. 
Benson Borer, 336A. 
BENZOL : 
recovery by refrigeration, 348A. 
yield from coke-ovens, 344A, 345A. 
BERYLLIUM : 
cementation of iron, 418A. 
desulphurisation of steel, 384A. 
BESSEMER STEEL, manufacture and 
properties, 376A. 


BEssEMER STEEL RalLs, properties, 


5O1A. 
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effect of nitrogen in steel, 392A. 
fatigue of metals, 491A. 
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BIBLIOGRAPHY (contd.)— 
oxygen determination in steel, 392A. 
waste-heat recovery, 336A. 
BruaR AND Orissa, coal deposits, 322A. 
Biter Miits, 403A. 
BILLETS : 
deseaming, 411A. 
optimum charge weight, 402A. 
piercing, energy consumption, 4094. 
BLack Pate, production, 405A. 
Bast, oxygen-enriched, 355A. 
3LAST-FURNACE : 
blowers, Pokorny type, 355A. 
blowers, Scherbius system of control, 
354A. 
burdening of ore, 357A. 
direct production of steel, 360A. 
oxygen-enriched blast, 355A. 
reducibility of sinter, 358A. 
Russian, 354 
silica-alumina ratio in ores, 3574. 
slag control, 3844. 
tap-hole gun, Brosius type, 3544. 
Biast-FuRNACE Pian, South African 
Iron and Steel Corp., 3544. 
3LAST-FURNACE Practicrk, Belgium 
and Luxemburg, 3544. 
Biast-FursNacE Siac, desulphurising 
action, effect of alumina, 357A. 
Biast-FURNACE STOVES : 
checkerwork, Hotspur system, 3554. 
Simplex, 3554. 
BLEEDING, steel, 4804. 
Btoomine MiLts, 403. 
BLOWERS : 
blast-furnace, Pokorny type, 3554. 
blast-furnace, Scherbius system of 
control, 354A. 
BLOWHOLES, ingots, effect of casting 
temperature, 3924. 
“ BM.” Rotiina-Mitis, Lrp., plant, 
406A. 
BorLer Drums : 
alloy steel for, 500A. 
occurrence of fissures, 5004. 
BorLteR Puates, effect of cold-work, 
482A. 
BoILerR STEEL, caustic embrittlement, 
478A. 
Borers : 
Benson, 336A. 
control, 336A. 
heat transmission, 337A. 
high-pressure, construction, 335A. 
pulverised-coal-fired, use of electro- 
filters, 342A. 
used in conjunction with carbonisa- 
tion plant, 3474. 
waste-heat, gas works practice, 3364. 
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Borers (contd.)—- 
waste-heat, open-hearth 
336A. 

Book Noricgs, 534. 

BrakE Drvms, production, 467A. 

Brass, endurance at low temperatures, 
4894, 

Bripaks, fatigue, 492A. 

BRIGHT STEEL, 495A. 

3RIGHT STocK, rolling, 4044. 

BRIQURTTING, coal, 343A. 

British Camiep Rott anp EnarIn- 
EERING Co., Lrp., furnace plant, 
342A. 

3RITISH COAL, analyses and types, 
338A. 

British EMPrIRe, 
322A. 

3RITTLENESS, temper, effect on pene- 
tration of white metals into 
steel, 62P. 

Brosius Clay Guy, 354A. 

BROMINE, reaction with coal, 3444. 

Bronze, use for forging dies, 3944. 

BRONZE OvirLAys. welding to steel, 
437A. 

Buick Moror Co., gear manufacture, 
495A. 

BULLARD- DUNN 
446A. 

BurMa, natural gas, 322A. 


practice, 


mineral resources, 


PICKLING PROCESS, 


Capmivum, electrodeposition, 4514. 
Capmium CoatTrines, 448A. 
CALORIFIC VALUE, determination, 3334. 
CALORIMETERS, twin, 333A. 
CANADA: 
coal deposits, 322A. 
mineral industry, 322A. 
CAPILLARITY, coal, 338A. 
CARBIDES, chromium and manganese, 
structure and composition, 5084. 
CARBON : 
action as reducing agent in acid slag 
reactions, 3824. 
effect on ageing phenomenon, 4764. 
effect in cast iron, machinability, 
4634. 
effect in iron-silicon alloys, magnetic 
properties, 504A. 
effect on steel at high temperatures, 
486A. 
effect on steel wire, 415A. 
CarRBON J)IOXIDE, corrosion of steel, 
623A. 
CARBON MoNnoxIDE, action in steel 
making, 383A. 
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CARBON STEEL : 

creep, effect of time, 4844. 

effect of degree of forging, 3964. 

effect of grain-size, 508A. 

Liiders lines, 475A. 

oxidation, 4224. 

penetration of molten white metals, 

50P. 

properties, 472A. 

transformations, magnetic and auis- 

tenite, 513A. 
CARBONTSATION, 
346A. 
CARRBONISATION PLANT, used in con- 
junction with boilers, 347.4. 
CARBONISATION Process, * Suncole,”’ 
347A. 
CARBONYL TRON : 
behaviour under deformation at 
high temperatures, 179P. 
grain-growth, 508A. 

transformation, alpha-gaimma, 5124. 
CARBURISATION, gaseous, 419A. 
CasE-HarpENED Gears, endurance, 

4884. 
CASE-HARDENED STEEL, effect of man- 
ganese, 4204. 
CASE-HARDENING : 

alloy stecl, 4204. 

Perliton compound, 419-4. 

Rapideep compound, 4194. 

selective, 419.4. 

Speedicase compound, 419.4. 
Case-HarpEntnea Practice, 4194. 
Case-HARDENING SreeL, characteris 

tics, 420A. 
Cast [Ron : 

alitised, 466.4. 

alloy, impact resistance, 4604. 

alloy, properties, 466A. 

alloy, use for machine tools, 4674. 

austenitic grain-size, 462.1. 

bend tests, 4604. 

Cecolloy, 3644. 

chill, production. 368.1. 

chilling properties, 4644 

cupola and pulverised-coal-tired furn 

ace compared, 3624. 

effect of aluminium, 4654. 

effect of copper, 465A. 

effect of hydrogen, 4664. 

effect of phosphorus, 466.4. 

effect of pouring temperature, 4644. 

effect of superheating, 463A, 4644. 

enamelling, 4564. 

for enamelling, 4564. 

endurance at low temperatures, 439A. 

graphitisation, phase changes, 4684. 

heat treatment, 4314. 


low - temperature, 


” 


| Cast Iron (contd.)— 





high-duty, manufacture, 3044. 
lamzite, 460A. 
impact resistance, effect of elements. 
460A. 
machinability, 4634. 
malleable, sce Malleable Cast Iron. 
manufacture in electric furnaces, 
364A. 
manufacture in Sesci furnaces, 3634. 
Meehanite, endurance at low tem- 
peratures, 489A. 
Meehanite, production, 374A. 
nickel, thermal expansion, 4624. 
nickel, use, automobile construction, 
4964, 
nitriding, 420.4. 
notch sensitivity, 460.4. 
properties, 4604, 506A. 
properties, effect of prestressing, 4614. 
properties at high temperatures. 
461A. 
ratio between transverse modulus of 
rupture afd tensile strength, 
4594. 
refining, soda-ash process, 3634. 
section susceptibility, effect of ele- 
ments, 4644. 
testing machine, 459A. 
use, machine construction, 467A. 
use, mining practice, 4684. 
vanadium-titanium, 364A. 
wear, 4624. 
work of rupture, 4614. 
Cast Iron Roorirne PLatEs, 370A. 
Cast Tron Test Bars, 459A. 
STEEL Bevys, production, 3724. 
Cast-STEEL CRANKSHAFTS, production, 





CASTING : 
centrifugal, pipes, 370A. 
centrifugal, piston cores, 3714. 
CastInG Process, multiple, 369A. 
CasTInG TEMPERATURE, effect on blow- 
holes in ingots, 3924. 
CASTINGS : 
alloy-steel, production and properties, 
371A. 
automobile, German practice, 467A. 
copper steel, properties, 4974. 
fluidity, 3714. 
intercrystalline cracking, 3754. 
special, production, 367A. 
sponginess and Léonard effect, 3754. 
steel, contraction, 375A. 
steel, effect of temperature gradients, 
371A. 
steel, heat treatment, 4244. 
steel, production, 3714. 
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CasTines (contd.)— | Curomium - Nicken - MoLyBpENUM 
steel, production in electric furnaces, | STEEL : 
372A. effect of degree of forging, 396A. 
steel, welding, 440A. temper-brittleness, effect of phos 
steel, x-ray examination, 4404 phorus, 431A. 
surface examination, 375A. | CoromiuM-NICKEL STEEL : 
use of rotating moulds, 363.4. impact resistance, effect of heating. 
Caustic EMBRITTLEMENT, boiler stecl. 473A. 
478A. | intergranular corrosion, effect of cold 
CEcoLLoy Cast Tron, 3644. | work, 526A. 
CEMENTATION : machining, use of silver steel tools. 
copper by tin, 419A. 181A. 


iron by tin, 419A. temper-brittleness, effect of phos 


iron by beryllium, 4184. | oxidation, 422A. 
| 
; 
nickel by tin, 419A. phorus, 4314. 





CEMENTS, refractory, properties, 3274. | CHRomium - Sinicon - MOLYBDENUM 
CuHarns, dredger-bucket, manganese STEEL, creep, effect of time. 
stecl for, 499A. 1854. 
CHANCE FLoTaTION Process, 340A. CHROMIUM STEEL: 
CHECKERWORK, Hotspur system, 355.1. analysis, 530A. 
CHEMICAL INDUSTRY, use of corrosion austenite and martensite, 510A 
resistant steel, 519A. effect of nitrogen, 519A. 
CHILLED ROLLs : embrittlement, 478A. 
failure, 368A. oxidation, 422A. 
production, 3684, 3694. RR-II, 518A. 
CHILLING PROPERTIES. cast-iron, temper-brittleness. effect of phos- 
464A. phorus, 4314. 
Curva, iron ore deposits, 3244. transformation, austenite, 5124. 
Curome Brick, see Refractory Brick. use, oil refineries, 499A. 
(HROME ORE Deposits, South Slavia, | CHromiuM-TUNGSTEN STEEL. effect of 
323A. hydrogen - nitrogen mixtures, 
CHROMIUM : 186A. 
determination in stainless steel, | CuromiuM-VANADIUM STEELS, effect of 
529A. hydrogen - nitrogen mixtures 
effect in cast iron, impact resistance, 486A. 
460A. CLEANING : 
effect in cast iron, section suscep- coal, 339A. 
tibility, 464.4. coal, Chance process, 340A. 
efiect in copper steel, corrosion, 525A. coal, De Vooys process, 340A. 
effect in steel, corrosien, 525A. coal, slurry treatment, 341A. 
effect on steel wire, 415A. gas, 351A. 
electrodeposition, 450A, 451A. gas, Simplex system, 3514. 
CHROMIUM-ALUMINIUM-IRON ALLOYS, metals, 445A. 
properties, 518A. CLOSELOY, 368A. 
CHROMIUM CARBIDE, structure andcom- | COAL: 
position, 508A. American, coking properties, 3444. 
CHromiuM - MotyBpENUM Cast-Iron | _ briquetting, 343A. 
Rotts, failure, 368A. | British, analysis and types, 338A. 
CuromMiuM-MOLYBDENUM STEEL : capillarity, 338A. 
effect of hydrogen-nitrogen mixtures, carbonisation, low-temperature, 3464. 
486A. cleaning, 339A. 
elastic limit, 471A. cleaning, Chance process, 340A. 
use, oil refineries, 499A. cleaning, De Vooys process, 340A. 
CHROMIUM-MOLYBDENUM STEEL TUBES, cleaning, slurry treatment, 341A. 
manufacture, 408A. cokability, Pishel test, 343A. 
CuromiumM-NICKEL ALLOYS : de-dusting, 340A. 
effect of hydrogen-nitrogen mixtures, | determination of nitrogen, 532A. 


486A. | distillation, electrical, 347A. 
properties, 5184. flotation, 339A, 340A. 
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Coat (contd.)— 
fusibility, 3344. 
grading, 340A. 
hydrogenation, 352A. 
Indian, washability curves, 3224. 
pulverised, combustion, 3424. 
pulverised, utilisation, 342A. 
reaction with bromine, 344A. 
Saar, constituents, 3434. 
sampling, 532A. 
washing, Hoyois washer, 341A. 
X-ray examination, 338A. 
Coa AsH : 
fusibility, 334A. 
fusion temperature, determination, 
333A. 
softening temperature, determination, 
333A. 
CoaL-CLEANING PLANT: 
Baddesley Colliery, 341A. 
Rising Sun Colliery, 341A. 
Rockingham Cclliery, 341A. 
selection, 339A. 
Silksworth Colliery, 3414. 
Coat Deposits : 
Bihar and Orissa, 522A. 
Montana, 323A. 
New Brunswick, 322A. 
Coat Dust, estimation of fusain, 
339A. 
CoaL ParricLes, shape and specific 
surface, 3394. 
CoaTING, metals, 4484. 
COATINGS : 
aluminium, 4484. 
anodic, specifications, 449.4. 
asphalt, for tanks, 458A. 
cadmium, 4484. 
cathodic, specifications, 449A. 
electrodeposited, tests, 451A. 
electrodeposited, thickness measure- 
ment, 451A. 
lead, 448A. 
nickel, 448A. 
protective value, 4484. 
sprayed-metal, hardness, 4554. 
tin, 448A. 
tin, electrodeposited, superimposed 
on tin plate, 453A. 
tin, hot-dipped, 4534. 
zine, 448A. 
zinc, immersion time versus quality, 
452A. 
zine, porosity, 452A. 
Coat Tar, sampling, 532A. 
CoBALT : 
effect on ageing phenomenon, 476A. 
effect in copper steel, corrosion, 
525A. 





CoBaLt ALLoys, modulus of elasticity, 
effect of magnetisation, 4714. 
Copatt Hicu-Sprep STEEL, retained 
austenite, 430A. 
CopaLt MaGnet STEEL, properties, 
505A. 
CoBALT-MOLYBDENUM MAGNET STEEL, 
properties, 505A. 
CopaLt Ox1pk, effect on reboiling in 
enamels, 457A. 
CosBaLt-TiraANiIumM MAGNET STEEL, 
properties, 505A. 
CoBALTCHROM-PRK, 420A. 
Cocuitn, B. J., Co., Ltp., heat-treat- 
ment plant, 417A. 
CoKABILITY, coal, Pishel test, 343A. 
COKE: 
handling, 350A. 
preparation and marketing, 3494. 
properties, 349A. 
reactivity, 349A. 
screening, 413A. 
CoKE-OVEN Gas: 
benzole recovery by refrigeration, 
348A. 
desulphurisation, 351A. 
use, firing clay refractories, 327A. 
CoKE OVENS: 
benzole yield, 344A, 345A. 


doors, refractory bricks, 329A. | 
Otto, 3454. 
producers for, 350A. 

roof flues, Goldschmidt system, | 


3444, 3454. 
roof flues, Tillmann system, 3444. 
Still, 344A. 
Coxine Piant, Mid-Durham Carboni- 
sation Co., Ltd., 344A. 
Coxinc Process, Knowles, 346A. 
Cokinc PROPERTIES, American coal, 
344A. 
CoLtp - Drawn’ Bars, _ production, 
397A. 
CoL_p-DRAWwN STEEL, endurance at low 
temperatures, 489A. 
CoL_p-DrawNn WIRE, fatigue, effect of 
low-temperature heat treatment, 
143, Paper. 
CoLp-Ro.Liine, strip, effect of roll 
diameter, 407A. 
CoLp-Ro.iixe MILLs, electric driving, 
410A. ‘. 
CoLtp-SHORTNEsS, metals, 479A. 
CoLp-Wokk : 
effect on boiler plate, 482A. 
effect on chromium-nickel steel, 
intergranular corrosion, 5264. 
CoLp-WoRKED METALS, heat treatment, 
deformation of metal, 429A. 
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COMBUSTION : 
gas, 334A. 
propane, 353A. 
pulverised coal, 342A. 
CoMPRESSIBILITY of solid bodies, 469A. 
CONCENTRATION, titaniferous iron ore, 
325A. 
Conpuctivity, thermal, sheets, 482A. 
CONTAINERS, steel, for motor fuel, 4444. 
CONTRACTION : 
steel castings, 375A. 
welds, 443A. 
CONTROL : 
boilers, 336A. 
furnaces, 337A. 
open-hearth furnaces, 3314, 337A. 
temperature, 337A. 
CONVEYORS : 
gravity, 412A. 
for strip, 413A. 
CopPER: 
cementation by tin, 419A. 
diffusion of gases, 492A. 
effect in cast iron, 465A. 
effect in cast iron, impact resistance, 
460A. 
effect in cast iron, section suscep- 
tibility, 464A. 
effect in steel, corrosion, 525A. 
Coprer-LEAD, coating of steel strip, 
454A. 
Copper - NICKEL - IRON ALLOYS, 
electrodeposition, 449A. 
Coprrer-NICKEL-IRoN System, 515A. 
CopprEerR-NICKEL-MOLYBDENUM STEEL, 
properties, 496A. 
CopPER STEEL : 
corrosion, 526A. 
corrosion, effect of elements, 525A. 
corrosion, effect of phosphorus and 
tin, 517A. 
CopPpEeR-STEEL CASTINGS, properties, 
497A. 
CopPERHEADS, in enamels, 457A. 
CORES : 
drying, 366A. 
loam, separation from castings, 365A. 
production, 366A. 
CORROSION : 
air-conditioning equipment, 527A. 
air preheaters, 526A. 
copper steel, 526A. 
copper steel, effect of elements, 5254. 
copper steel, effect of phosphorus and 
tin, 517A. 
intergranular, chromium-nickel steel, 
effect of cold-work, 526A. 
iron, effect of hydroxy compounds, 
523A. 





or 
or 


CorRosION (contd.)— 
iron in sulphuric acid, effect of 
arsenic, 525A. 
marine, 526A. 
metals in contact, 524A. 
metals in oil refineries, 5254. 
oxygen depolarisation, 521A. 
sheets, 524A. 
soil resistance and underground 
currents, 527A. 
steel, effect of elements, 525A. 
steel in oxygen and carbon dioxide 
solutions, 523A. 
structural steel under _ stress, 
524A. 
tinplate, effect of sodium sulpbite, 
454A. 
welds, 526A. 
CoRROSION PROBABILITY : 
iron and steel, effect of composition, 
520A 
metals, 520A. 
CORROSION - RESISTANT STEEL, use, 
chemical industry, 519A. 
Corrosion TESTs : 
methods, 522A. 
pipes, 522A. 
CRACKING : 
intercrystalline, castings, 375A. 
surface, forgings, 396A. 
CRACKS : 
detection, Magnaflux method, 475A. 
detection, magnetic methods, 476A 
grinding, formation, 481A. 
CRANE Hooks, fatigue, 491A. 
CRANES, gears for, 390A. 
CRANKSHAFT STEEL, damping capacity, 
488A. 
CRANKSHAFTS, cast-steel, production, 
372A. 
CREEP: 
iron and steel, structural changes 
taking place, 179P. 
metals, 4844. 
steel, effect of time, 484A. 
CreEp TEsTiIna MAcuHINE, 184P. 
Creep Tests, Rohn method, 4844. 
CrvUcrIBLE FuRNACES, 376A. 
CRUSHING MACHINES, use of manganese 
steel, 497A. 
CryYSsTALs, iron, production, 508A. 
Curoia Lintn@s, 329A. 
Cupo.a SLAG, viscosity, 387A. 
CUPOLAS : 
auxiliary tuyeres, 362A. 
balanced-blast, 362A. 
calculation of charges, 362A. 
metal losses, 363A. 
mixtures, 363A, 
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Cupouas (contd.)— 
oxidation and carburisation factors, 
363A. 
reactions, 363A. 
CurTtina, structural steel, 4444. 
Cuttine Tests, tool steel, 481A. 
CyLInDER Covers, moulding, 369A. 
CYLINDER LINERs : 
production, 467A. 
properties and tests, 467A. 
CZECHOSLOVAKIA, mineral 
323A. 


industry, 


Damptne Capacity, metals, 487A. 
DECARBURISATION : 
steel, effect of grain-size, 4234. 
tool steel, 423A. 
DerEp-Drawina TEsts, sheets, effect 
of tool dimensions, 397A. 
DEFECTS : 
detection, Magnaflux method, 475A. 
detection, magnetic methods, 476A. 
DErrition, technical terms, 506A. 
DEFORMATION : 
effect on silico-manganese _ steel, 
tempering, 429A. 
metals, during heat treatment, 429A. 
metals at high temperatures, 179, 
Paper. 
metals, liability to fissure, 396A. 
relation to grain-size, 508A. 
De Lavaup Castine Process, 370A. 
DEOXIDATION: 
effect on steel, ageing, 477A. 
effect on steel, ferrite formation, 
509A. 
steel, 383A. 
DESCALING, steel by sprays, 411A. 
DESULPHURISATION : 
coke-oven gas, 351A. 
iron, 384A. 
steel, 383A. 
steel by beryllium, 3844. 
steel by manganese, 384A. 
De Vooys Coat-CLEANING PROCESS, 
340A. 
DIEs : 
forging, use of bronze, 394A. 
wire-drawing, wear, 413A. 
Drmect ProcessEs, 359A. 
DisTILLaTIoON, coal, electrical, 347A. 
Drawine : 
alloy steel, 415A. 
high-speed steel, 414A. 
nickel-iron alloys, 414A, 
stainless steel, 415A, 
wire, 413A 


DREDGER BUCKET CHAINS, manganese 
steel for, 499A. 

Dritts, rock, steels for, 499A. 

Drop-Foraine Practice, 395A. 

Drop StamPina, flow of material, 119P. 

DRYING, moulds and cores, 366A. 

DuRALUMIN, endurance at low tem- 
peratures, 489A. 

Dust, collection in foundries, 364A. 

Dwicut-LLoyp SINTERING PROCEssS, 
326A. 


EISENWERKGESELLSCHAFT MAXIMILIAN- 
HUTTE, iron ore deposits, 323A. 


| Exvastic Lruit, structural steel, 470A. 





ELASTIC PROPERTIES, steel, 470A. 
** ELASTICITY Factor,” 492A. 
Evasticiry Mopvtus, ferromagnetic 
materials, effect of magnetisa- 
tion, 471A. 
Evecrric Driving, rolling mills, 4104. 
EvEctTRic FURNACE PRACTICE : 
basic, 385A., 
basic, slag control, 3854. 
ELrEctrRIc FURNACES : 
arc, 385A. 
high-frequency, effect of condition of 
charge on power absorption, 
386A. 
high-freyuency, history of develop- 
ment, 385A. 
high-frequency, operation and design, 
385A. 
induction, 385A. 
insulation, 331A. 
manufacture of cast iron, 364A. 
manufacture of steel castings, 3724. 
Evrctric Motors: 
circuit breakers, 410A. 
selection for steel mills, 410A, 411A. 
E.rectric Power, Russian steel plants, 
337A. 
ELEcTRIC RESISTANCE ALLOYS, proper- 
ties, 505A, 517A, 518A. 
ELECTRICAL PROPERTIES, electrolytic 
iron sheets, 503A. 
ELECTROCHEMICAL POTENTIAL: 
iron, 520A. 
iron in nitric acid, 521A. 
ELECTRODEPOSITED COATINGS : 
tests, 451A. . 
thickness measurement, 451A. 
ELECTRODEPOSITION : 
cadmium, 451A. 
chromium, 450A, 451A. 
copper-nickel-iron alloys, 449A. 
development, 448A, 
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FLECTRODEPOSITION (contd.)— 
nickel, 451A. 
tin, use of alkaline stannate baths, 
450A. 
ELECTRODES : 
for arc welding, 433A. 
for spot welding, 4324. 
ELECTROLYTIC IRON: 
transformation, alpha-gamma, 5124. 
transformations, heat evolutions, 
511A. 
ELEcTROLYTIC IRON SHEETS, magnetic 
properties, 503A. 
EvLecrrotytic Pickrine, 446A. 
ELECTROMAGNETIC Fatigue TESTING 
Macuine, 487A. 
ELECTROMAGNETIC TESTS, wire ropes, 
482A. 
ELFURNO ATMOSPHERE, for heat-treat- 
ment furnaces, 423.4. 
EMBRITTLEMENT : 
caustic, boiler steel, 478A. 
chromium steel, 478A. 
Emiyn ANTHRACITE Co., Lrp., slurry 
treatment, 342A. 
ENAMELLING : 
cast iron, 456A. 
cast iron for, 456A. 
effect of furnace atmosphere and 
temperature gradients, 4564. 
sheets, 456A. 
use of nickel dip, 456A. 
ENAMELS : 
adherence, 457A. 
antimony-bearing, 457A. 
copperheads, 4574. 
draining qualities, 457A. 
firing, 456A. 
grinding, 457A. 
opacity, 457A. 
reboiling, effect of cobalt and nickel 
oxides, 457A. 
ENDURANCE : 
automobile axle gears, 4924. 
case-hardened gears, 488A. 


metals at low temperatures, 
489A. 

ENDURANCE Limit, malleable cast iron, 
468A. 


EneIneE Parts, fatigue, 491A. 

ENGINE SEATING STRUCTURES, welding, 
437A. 

ERHARDT TuBE Process, 409A. 

EtcHinG REAGENT, stainless steel, use 
of oxalic acid, 506A. 

EvRope, mineral resources, 322A. 

Expansion, thermal, nickel cast iron, 
462A. 

EXTENSOMETER, Martens-Hesse, 469A. 
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EXTRUSION : 
ferrous metals, 397A. 
tubes, 409A. 


“ Factor oF Exasticity,” 492A, 
FATIGUE : 
bridges, 492A. 
cold-drawn wire, effect of low- 
temperature heat treatment, 143. 
Paper. 
crane hooks, 491A. 
damping capacity, 487A. 
marine engine parts, 491A. 
metals, bibliography, 491A. 
wire, effect of oils and greases, 491A. 
FatTiGvE STRENGTH : 
bend, stepped shafts, effect of fillets, 


490A. 

notch, calculation from _ tensile 
strength and reduction of area, 
488A. 


FaricuE TestiInG MACHINE: 
electromagnetic, 487A. 
Haigh-Robertson, 487A. 
rotating-beam, 487A. 
for small-diameter wire, 486A. 

FaTIGUE TESTS: 
load-deflection, 488A. 
metals at low temperatures, 489A. 
welds, 441A, 442A. 

FERRITE, formation in steel, effect of 

deoxidation, 509A. 

FERROLITE PIcKLING Process, 447A. 

FERROMAGNETIC MATERIALS, modulus 

of elasticity, effect of magnetisa- 
tion, 471A. 

FERROSOFERRIC - OXIDE/FERRIC-OXIDE 

OxyGEN Equimipria, 421A. 

FERROUS OXIDE, reaction with hydrogen 

in liquid iron, 380A. 

FERROUS - OXIDE/MANGANOUS - OXIDE 

Sriica System, 388A. 

FIREBRICK, see Refractory Brick. 

FISSURES : 
occurrence in boiler drums, 500A. 
occurrence in metals during deforma- 

tion, 396A. 
occurrence in rails, 501A. 

FLaMEs : 
luminous, use for heating, 335A. 
temperature, effect of dissociation, 

334A. 
temperature and radiation, 335A. 

FLoTAtION, coal, 339A, 340A. 

Fiow : 
metals, effect of inclusions, 122P. 
metals, investigation by Hele-Shaw 

apparatus, 117, Paper. 
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FLow (contd.)— | 
metals in rolling, roll-opening pheno- 
menon, 398A. | 
Fivipiry, castings, 371A. | 
FiuxEs, for galvanising, 452A. | 
FLYWHEEL Huss, moulding, 370A 
Fo.tpine Tests, welds, 4414. | 
Forp Moror Co. : | 
coating of steel strip with copper | 
lead, 454A. 
foundry plant, 3744. 
production of cast-steel crankshafts, 
372A. 
Foren TuBE Process, 408A. 
Force Furnaces, design, 393A. 
Force Tests, welds, 4414. 
ForGING : 
degree of, effect on structural steel, 
396A. 
stainless steel, 395A. 
Forerne Drs, use of bronze, 394A. 
ForotnG PRressEs, 394A. 
Foreinc STEEL, manufacture, slag 
control, 385A. 
FoRGINGS : 
drop, production, 395A. 
heat-treatment, 425A. 
manipulators for, 395A. 
steel, production, 395A. 
surface cracking, 396A. 
FORSTERITE, properties, 3284. 
FouNDRIES : 
dust collection, 364A. 
floor vibrations, 364A. 
refractory materials, 329A. 
FounpDRY PLANT: 
Sir W. G. Armstrong, Whitworth & 
Co., 368A. 
Ford Motor Co., 374A. 
John Harper & Co., Ltd., 374A. 
Homestead Valve Co., 374A. 
Kryn and Lahy, Ltd., 374A. 
Mackintosh-Hemphill Co., 369A. 
Newton, Chambers & Co., Ltd., 374A. 
Sheepbridge Stokes Centrifugal Cast- 
ings Co., Ltd., 3734. 
Sterling Foundry Co., 375A. 
Winget, Ltd., 374A. 
Founpry Practice, 362A. 
Fox, SamvEL, & Co., Lrp., plant, 389A. 
FRANCE : 
mineral deposits, 322A. 
specification for weld metal, 434A. 
FREE-CuTTING STEEL, 494A, 495A. 
FRICTIONAL OxipaTION, steel, 481A. 
FRIEDRICH-WILHELMS HivTrE, gas 
measurement, 337A. 
FUEL : 
analysis, 532A. 
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Fue. (contd.)— 
rh xara of calorific value, 
333A. 
pulverised, see Coal, pulverised. 


| Fue. Erricrency, iron industry, 336A. 


FuRNACE ATMOSPHERES, effect on 
molybdenum high-speed steel, 
grain-size, 322A. 

FURNACES : 

blast, see Blast-Furnaces. 

contrel, 337A. 

convection heating, 335A. 

forge, see Forge Furnaces. 

fuel beds, 335A. 

heat development, calculation, 334A. 

heat losses, calculation, 337A. 

heat-treatment, see Heat-Treatment 
Furnaces. 

high-frequency, see Electric Furnaces. 

luminous flame heating, 335A. 

malleable-iron, refractory materials, 
330. 


open-hearth, see Open-Hearth Fur- 
naces. 
pulverised-coal-fired, 3424. 
radiant-tube heating, 418A. 
reheating, see Reheating Furnaces. 
selection of heat-resistant steel, 519A. 
Sesci, 363A. 
FusAIn, estimation in coal dust, 3394. 
Fusion TEMPERATURE, coal ash, deter- 
mination, 333A. 


GALVANISING : 
fluxes, 452A. 
immersion time versus quality of 
coatings, 452A. 
residuum losses, 452A. 
use of zinc ammonium chloride, 451A. 
GantT Meruop of diagrammatic repre- 
sentation, 405A. 
GAS : 
analysis, apparatus, 532A. 
cleaning, 351A. 
cleaning, Simplex system, 351A. 
combustion, 334A. 
de-dusting, 350A. 
determination of naphthalene, 532A. 
measurement, 337A. , 
use for carburising, 419A. 
Gas Propucers, see Producers. 
Gas Works PRACTICE, waste-heat 
boilers, 336A. 
GASEs : 
diffusion through metals, 4924, 
extraction from metals, 532A. 
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formation in steel, relation to segre- 
gation, 392A. 
in steel, 383A, 392A. 
GASHOLDER, Klénne, 352A. 
Gates for moulds, 365A. 
GEARS: 
automobile, endurance, 4924. 
case-hardened, endurance, 488.1. 
for cranes, 390A. 
heat treatment, 425A. 
GERMANY : 
automobile castings, 467A. 
iron ore deposits, 322A. 
iron ore reserves, 323A. 
GIRDERS, welded-plate, 440A. 
Gass SILK, use for insulation, 332A. 
Guiuctnum, see Beryllium. 
Go.ip Deposits, France, 322A. 
GoLpscHMIDT FiuEs for coke-ovens, 
344A, 345A. 
GRAIN DISTORTION, in heat treatment. 
424A. 
GRAIN-GROWTH : 
carbonyl iron, 508A. 
theory, 508A. 
GRAIN-NIZE : 
alloys, 506A. 
austenitic, cast iron, 462A. 
effect on carbon steel, 508A. 
effect on. electrolytic iron sheets, 
magnetic properties, 5044. 
effect on iron-silicon alloys, magnetic 
properties, 5044. 
effect on penetration of white metals 
into steel, 58P, 61P. 
effect on steel, decarburisation, 423A. 
molybdenum high-speed steel, effect 
of furnace atmosphere, 422A. 
steel, effect of aluminium, 493A. 
steel, relation to hot-work, 508A. 
GRANODISING Process, 455A. 
GRAPHITISATION, cast iron, 
changes, 468A. 
GREASE, effect on wire, fatigue strength, 
4914. 
GRINDING CRACKS, formation, 4814. 
GRINDING WHEELS, _ specification, 
British, 503A. 


GasEs (contd.)— | 


phase 


Hack Saw BuiaDEs, hardening, 428A. 
HapDFIELDs, Ltp., plant, 390A. 
HaicH-ROBERTSON FATIGUE TESTING | 
Macuine, 487A. 
HANDLING : | 
coke, 350A. 
iron ore, 326A. 
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HANDLING EqureMeEnt for steel mills, 
413A. 

HARDENED STEEL, transformation tem- 
peratures of austenite and mar- 
tensite, 513A. 

HARDENING : 

age, metals, 476A. 

hack-saw blades, 4284. 

stecl, 426A. 

surface, rolls, 369A. 

surface, Shorterising process, 420A. 
tool steel, 426A, 508A. 

HARDENING FURNACES, 417A. 

HARDNESS : 

nickel-manganese steel, 997. 
sprayed-metal coatings, 455A. 
welds, 442A. 

Harpness TrestrinG MACHINE, 
tine, 479A. 

HarpNEss Tests, nitrided steel, 479A. 

Harper, Joun, & Co., Lrp., foundry 
plant, 3744. 

HARTMANN LINEs, 

HAvuLAGE RopeEs : 

deterioration in 
electromagnetic 


Ballen- 


T5P. 


service, 498A. 
tests, 482A. 


Heat : 
development in furnaces, calculation, 
334A. 
evolution, transformations in iron, 
511A. 


waste, recovery, bibliography, 336A. 
Heat Batance, open-hearth furnaces. 
378A. 
Heat EXCHANGERS: 
calculation, 338A. 
cross-current, 338A. 
Heat Losses, furnaces, calculation, 
337A. 
HeEAtT-RESISTANT 
5184. 
HeEAT-RESISTANT STEEL, 
furnaces, 519A. 
Herat TRANSMISSION, boilers, 
HEAT TREATMENT : 
aircraft engine parts, 424A. 
cast iron, 4314. 
cold-worked metals, deformation ot 
metal, 429A. 
forgings, 425A. 
gears, 425A. 
grain distortion, 424A. 
low-temperature, effect on cold-drawn 
wire, fatigue, 143, Paper. 
malleable cast iron, 431A. 
molybdenum high-speed steel, 4274. 
rails, 425A. 
springs, 417A, 4254. 
steel castings, 424A. 


ALLOYS, properties, 


for 


selection 


337A, 
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Heat TREATMENT (contd.)— 
tool steel, 417A, 427A. 
Heat-TREATMENT FURNACES : 
417A. 
controlled atmospheres, 418A. 
electric, 417A. 
Elfurno gas atmosphere, 423A. 
forced convection heating, 423A. 
HeLe-SHaw Apparatus for investi- 
gating flow of metals, 117, Paper. 
HIGH-FREQUENCY FURNACES, see Elec- 
tric Furnaces. 
HiGH-SPEED STEEL : 
cobalt, retained austenite, 430A. 
determination of sulphur, 5304. 
drawing, 414A. 
molybdenum, grain-size, effect of 
furnace atmosphere, 4224. 
molybdenum, heat treatment, 4274. 
molybdenum, properties, 4944. 
History, iron, 361A. 
Hoisting Drum, moulding. 369A. 
Ho es, stress concentration, 281A. 
Homes7?EAp VALVE Co., foundry plant, 
374A. 
Hooks, crane, fatigue, 4914. 
HorspurR CHECKERBRICK, 355A. 
Hoyors Coat WaAsHERY, 3414. 
HYDROGEN : 
behaviour in steel making, 3834. 
diffusion in pickling, 447A. 
effect on cast iron, 466A. 
reaction with ferrous oxide in liquid 
iron, 380A. 
HyproGen - NITROGEN MIXTURES, 
effect on steel, 4864. 
HYDROGENATION : 
coal, 352A. 
tar, 352A. 


IamzitE Cast Iron, 466A. 
ILttInoIs STEEL Co., heat treatment 
of rails, 425A. 
ILtsEDER Hitter, ore-loading plant, 
326A. 
Impact RESISTANCE : 
cast iron, effect of elements, 460A. 
chromium-nickel steel, effect of heat- 
ing, 473A. 
nickel-manganese steel], 99P. 
nickel steel at low temperatures, 
473A. 
tool steels, 474A. 
Impact Test-Bars, notched, standard- 
isation, 472A. 
Impact TEsTrinc Macutne, Oxford, 


472A. 
Impact Trsts, welds, 441A. 


” 





\ 


INCLUSIONS : 
effect on flow of metals, 122P. 
identification and composition, 237 
Paper. 
in molybdenum steel, 275D. 
origin and formation, 392A. 
in steel, 392A. 
Inp1A, coal deposits, 3224. 
InpIAN Coat, washability curves, 3224. 
Incor Moutps: 
copper stools, 391A. 
effect of composition on life and cost. 
391A. 
InGors : 
blowholes, effect of casting tempera 
ture, 392A. 
effect of mould design, 3924. 
feeder heads, 3914. 
heating in soaking pits, 3934. 
heterogeneity, 392A. 
teeming speeds, effect of nozzle 
refractories. 391A. 
INHIBITORS, use in pickling, 4474. 
INLAND STEEL Co., grinding refractory 
materials, 328A. 
INSPECTION, engineering materials, 
506A. 
INSULATING Bricks : 
properties, 3274. 
for reheating furnaces, 3304. 
INSULATING MATERIAL : 
glass silk, 332A. 
properties, 3314. 
INSULATION : 
electric furnaces, 331A. 
open-hearth furnaces, 3314. 
TRON : 
analysis, 529A. 
carbonyl, grain-growth, 508d. 
carbonyl, transformation, alpha- 
gamma, 5124. 
cementation by beryllium, 4184. 
cementation by tin, 419A. 
corrosion, effect of hydroxy com- 
pounds, 523A. 
corrosion in sulphuric acid, effect of 
arsenic, 5254. 
corrosion probability, effect of com 
position, 520A. 
creep, structural changes taking 
place, 179P. 
desulphurisation, 384A. , 
diffusion of gases, 492A. 
direct production, 359A. 
electrochemical potential, 520A. 
electrochemical potential, in nitric 





acid, 521A. 
estimation in presence of titanium, 
529A. 





{RON (contd)- 
history, 3614. 
liquid, oxygen-phosphorus  equili- 
brium, 358A. 
liquid, reaction of hydrogen with 
ferrous oxide, 380A. 
liquid, temperature measurement, 


379A 
magnetic ageing, eflect of oxygen, 
477A. 


Piobert effect, 75, Paper. 

production, 3544. 

sealing, 421A. 

tensile tests at high temperature, 
structural changes taking place, 
179P. 

transformation, 511A. 

transformation, alpha-gamma, 5114, 
512A. 

transformations, heat evclution,d114. 

Iron AtLoys, modulus of elasticity, 
effect of magnetisation, 4714. 

[RON-CARBON-SULPHUR SYSTEM, 384-4. 

[RON-CARBON-TIN System, 5144. 

[ron CrysTaLs, production, 5084. 

Iron INDUSTRY : 

fuel efficiency, 3364. 
Russia, electrification, 337A. 

Iron / TRON - SULPHIDE | MANGANESE 
MANGANESE-SULPHIDE SYSTEM, 
3844. 

}kON-MANGANESE ALLOYS : 

constitution, 5144. 
transformations, 5144. 

[ron-MoLyBDENUM ALLOYS, structure 
and composition, 5164. 

JRON-MOLYBDENUM System, solidus 
temperature, 5164. 

IRON-NICKEL ALLOYS: 

equilibria with iron-nickel silicates, 
3814. 

irreversibility, 5154. 

magnetic properties, effect of struc- 
ture, 503A. 

structure, 503A. 

[RON-NICKEL-CHROMIUM ALLOYS, tem- 
pering, effect of tension, 430A. 

[ron-NICKEL DraGrRAM, 515A. 

Tron-NICKEL Smicates, equilibria with 
iron-nickel alloys, 3814. 

[RON Ore: 

burdening for blast-furnace, 3574. 

handling, 326A. 

silica-alumina ratio, 357A. 

sintering, Dwight-Lloyd 
326A. 

sintering, Saint-Jacques furnace, 
325A. 


titaniferous, concertration, 325A. 


system, 
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Tron OrE Deposits : 

China, 324A. 

Dogger Sandstone, 3234. 

Germany, 3224. 

Siegerland, formation, 3234. 
Tron-OxyYGEN Equitisrivm, 72D. 
Tron - PHOSPHORUS -OXYGEN SYSTEM, 

515A. 
Tron-Smicon ALLoys : 

magnetic properties, 5044. 

spectrum analysis, 531A. 
IRoN-TUNGSTEN ALLOys, structure and 

composition, 516A. 
IRoN-TUNGSTEN System. solidus tem- 
perature, 516A. 
IRoN-Zinc System, 516A 


JAPAN, mineral industry, 3244. 
JONES AND Lav@nLIn STEEL Corp.. 
sheet grading machine, 4124 


KANTHAL, melting point, 517A. 

KLONNE GASHOLDER, 352A. 

KNOWLES CoKING Process, 346A. 

KOBE STEEL Works, rolling mill plant, 
103A. 

Kona, stability at high temperatures, 
4854. 

Krupp, Frrep., A.G., steel plant, 3904. 

Krupp WELDING Process, 485A. 

Krywn anb Lany, Lrp., foundry plant, 
374A. 

KUGELFISCHER ROLLER 
402A. 


BEARINGS, 


LABORATORIES, equipment, 528-1. 

LANCASHIRE STEEL Corporation, Lrp. 
plant, 389A. 

LANCASTER PRrocEss, 21 P. 

LEAD Coatines, 448A. 

LEONARD EFFECT in iron castings, 3754. 

Ley’s MALLEABLE Castines Co., Lrp.. 
fettling plant, 3734. 

Limk, effect on phosphcrus distribu- 
tion in steelmaking, 25P. 
LINDE-FRANKL System of producing 

oxygen, 357A. 
Loorine MILLs, calculation of loops, 
404A. 
Lupricants, testing, 4024. 
LUBRICATION : 
rolling mills, 4024. 
theory, 402A. 
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Ltpers LINEs : 
75P. 
carbon steel, 475A. 
LvuKEns STEEL Co., plant, 3904. 
LuxEMBURG, blast-furnace practice, 
354A. 


MACHINABILITY, cast iron, 463A. 
MacuInE CONSTRUCTION, use of cast 
ircn, 467A. 
MacHINE TOOLs: 
use of alloy cast iron, 467A. 
welding, 437A. 

MACHINING, chromium-nickel steel, use 
of silver-steel tools, 4814. 
MackintTosH-Hempuitt Co., foundry 

plant, 369A. 
McLoutH STEEL CorPoRATION, rolling 
mill plant, 406A. 
McQvuatp-Enn Gratn-Size, relation to 
hot-work, 508A. 
MaGnartux Meruop 
defects, 475A. 
MaGnesia, effect on phosphorus distri- 
bution in steelmaking, 39P. 
MAGNESITE Bricks, Lefractory 
Bricks. 
MAGNESIUM SILICATE, properties, 3284. 
MAGNET STEEL: 
cobalt, properties, 505A. 
cobalt-molybdenum, properties,505.4. 
cobalt-titanium, properties, 505A. 
double-yoke tester, 503A. 
nickel-aluminium, properties, 504A, 
505A. 
nickel-cobalt-aluminium, 
505A. 
nickel-copper, properties, 505A. 
tungsten, properties, 505A. 
MaGNetic AGEING, iron, effect of oxy- 
gen, 477A. 
Macnetic Mernop 
defects, 476A. 
MAGNETIC PROPERTIES : 
electrolytic iron sheets, 503.4. 
iron-nickel alloys, efiect of structure, 
503A. 
iron-silicon alloys, 504A. 
iron and steel, 503A. 
MAGNETIC TRANSFORMATION, 
steel, 513A. 
MAGNETISATION, effect on ferromagnetic 
materials, modulus of elasticity, 
471A. 
MaGNETs : 
electro, 390A. 
permanent, materials for, 5044. 
permanent, sintered materials for, 


5054. 


for 


detecting 


see 


properties, 


for 


determining 


carbon 
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MALLEABLE Cast IRON : 
effect of copper, 465A. 
endurance limit, 468A. 
heat treatment, 4314. 
production, 373A. 
welding, 439A. 
MALLEABLE [RON FURNACES, refractory 
materials, 330A. 
MANCHESTER. MEETING : 
proceedings, 1. 
visits and excursions, 295. 
MANGANESE : 
action in steel making, 383A. 
desulphurisation of steel, 384A. 
determination in steel, 529A. 
efiect on case-hardened steel, 420A. 
effect in cast iron, machinability, 
463A. 
effect in copper steel, corrosion, 5254. 
effect in nickel steel, 99P. 
effect on phosphorus distribution in 
steelmaking, 23P. 
effect on steel wire, 415A. 
MANGANESE CARBIDE, structure 
composition, 5OSA. 
MANGANESE STEEL: 
austenite and martensite, 5104. 
effect of degree of forging, 396A. 
quenching, expansion due to marten- 
sitisation, 428A. 


and 


temper-brittleness, effect of phos- 
phorus, 431A. 
transformation, austenite, 5124. 





use, crushing machines, 4974. 
use, dredger-bucket chains, 499A. 
use, mining practice, 4974. 
Mancanous Oxipk, effect on phos- 
phorus distribution in steel- 
making, 38P. 
MANGANOUS-OXIDE/ALUMINA 
387A. 
Manrputators for forgings, 395A. 
MANNESMANN TuBE Process, 408A, 
109A. 
Marine EnGIne Parts, fatigue, 4914. 
MARTENS-HESSE EXTENSOMETER, 469A. 
MARTENSITE : 
in alloy steel, 510A. 


SYSTEM, 


transformation temperature, har- 
dened steel, 513A. 
MARTENSITE NEEDLES, median serra- 


tion, 510A. . 
MEEHANITE Cast Iron: 
endurance at low temperatures, 4894. 
production, 374A. 
Meaapyr, melting point, 517A. 
MELTING Pornts, electrical resistance 
alloys, 517A. 
MEMBERS, election, 8. 
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MESOTHORIUM, irradiation of welds, 
440A. 
Microscopic EXAMINATION, 
tion of specimens, 506A. 
Mip-DurHaAM CARBONISATION Co., LTD., 
coking plant, 344A. 
MILD STEEL : 
behaviour under deformation at high 
temperatures, 179P. 
behaviour under prolonged stress, 
281, Paper. 
Mittom & AsKAM HemaTITE IRON Co., 
Lrp., plant, 389A. 
MINE-FILLtnG Pips, steel for, 497A. 
MINERAL Resources, 322A. 
MINING PRACTICE: 
use of cast iron, 468A. 
use of manganese steel, 497A. 
Mopvtwvs oF Etastictry, ferromagnetic 
substances, effect of magnetisa- 
tion, 4714. 
MOLYBDENUM : 
diffusion of gases, 492A. 
effect on ageing phenomenon, 476A. 
effect in cast iron, impact resistance, 
460A. 
effect in cast iron, section suscepti- 
bility, 4644. 
effect in copper steel, corrosion, 525A. 
effect on steel wire, 415A. 
separation from tungsten, 529A. 
MoLYBDENUM HIGH-SPEED STEEL: 
grain-size, effect of furnace atmos- 
phere, 4224. 
heat treatment, 4274. 
properties, 494A. 
MOLYBDENUM STEEL : 
inclusions, 275D. 
transformation, austenite, 5124. 
MonarcH MacuiIne Toou Co., heat- 
treatment plant, 4174. 
Mono-Cast Castina Process, 371A. 
Monrana, mineral resources, 323A. 
Motor Car Roors, pressing, 3944. 
Motor FUEL, containers, 4444. 
Movutprina, strickle, large castings, 
370A. 
Movipine Macuines, 365A. 
MovuLDING SAND: 
determination of moisture, 367A. 
grain-size distribution, 3664. 
preparation, 3674. 
properties, 366A. 
MovuLps: 
conveyors for, 3654. 
drying, 366A. 
gates and risers, 3654. 
hand ramming, 365A. 
rotating, use for cast iron, 363.4. 


prepara- 
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NAPHTHALENE, determination in gas, 
532A. 
NATURAL GAS: 
Burma, 322A. 
Montana, 323A. 
use in open hearth furnaces, 350A. 
use in reheating furnaces, 350A. 
use in soaking pits, 350A. 
New Brunswick, coal deposits, 
Newton, CoamBeErs & Co., Lrp., plant. 
374A. 
NICKEL: 
cementation by tin, 4194. 
diffusion of gases, 492A. 
effect in cast iron, impact resistance, 
460A. 
effect in cast iron, section suscepti- 
bility, 464A. 
effect in copper 
525A. 
effect on steel wire, 415A. 
electrodeposition, 4514. 
NICKEL ALLOYS: 
determination of sulphur, 5304. 
modulus of elasticity, effect of mag- 
netisation, 471A. 
use, automobile construction, 4964. 
NICKEL-ALUMINIUM MAGNET STEEL, 
properties, 504A, 5054. 
NIcKEL Cast [RON : 
thermal expansion, 4624. 
use, automobile construction, 496A. 
NIcKEL-CHRoMIUM ALLOYs, use for 
electric resistance, 517A. 
NICKEL - CHROMIUM MOLYBDENUM 
STEEL : 
elastic limit, 471A. 
penetration of molten white metals, 
58P. 
NICKEL-CHROMIUM STEEL: 
elastic limit, 4714. 
penetration of molten white metals, 
55P. 
properties, 4724. 

NICKEL COATINGS, 448A. 
NICKEL - CoBALT - ALUMINIUM 
properties, 505A. 
NickEL-CoBaLt-IRON ALLOoyYs, proper- 

ties at high temperatures, 486A. 
NICKEL-CoppER MAGNET STEEL, pro- 
perties, 505A. 
NickKeEt-IrRon ALLoyYs : 
drawing, 414A. 
modulus of elasticity, effect of mag- 
netisation, 471A. 
NICKEL-MANGANESE STEEL, properties, 
99, Paper. 
NICKEL OxIDE, effect on reboiling in 
enamels, 457A. 


999 LZ 


Onell. 


steel, corrosion, 


STEEL, 
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NICKEL STEEL : 

austenite and martensite, 510A. 

effect of degree of forging, 396A. 

impact resistance at low tempera 
tures, 473A. 

penetration of molten white metals, 

properties 472A. 

temper brittleness 
phorus 4314. 

transformation, austenite, 512A. 

Nives SHEET Mitt, plant, 405A. 

Nissan AvTOMOBILE Co., forge plant, 
394A. 

Nirric Acip, potential of iron, 5214. 

NITRIDED STEEL, hardness tests, 479A. 

NITRIDING : 

cast iron, 4204. 
steel, 420A. 
tool steel, 420A. 
Nitripine Furnaces, 418A. 
NITROGEN : 
action in steel making, 3834. 
determination in coal, 532A. 
determination in steel, 392A. 
effect on ageing phenomenon, 4764. 
effect in chromium steel, 519A. 
effect in steel, ageing, 477A. 
effect in steel, bibliography, 3924. 

NOMENCLATURE, constituents in steel, 
509A. 

NoRBIDE, 445.4. 

NORMALISING, sheets, 424A. 

Noren FATIGUE STRENGTH, calculation 
from tensile strength and reduc- 
tion of area, 488A. 

Novrcu SENSITIVITY : 

cast iron, 460A. 

steel under alternating stress, 473A. 
Norcu TouGHness, welds, 442A. 
NOTCHEs, stress concentration, 281P. 


effect of phos- 


OpitvarRyY Novices, 31}. 
Om, effect on wire, fatigue strength, 
491A. 
Om REFINERIES : 
behaviour of chromium-steel 
478A. 
corrosion of metals, 525A. 
steels for, 4984. 
Om WELLs, selection of sucker-rods, 
498A. 
Qouitic Iron Ore, in Dogger Sand- 
stone, 323A. 
OpEN-HEARTH FURNACES : 
acid, small capacity, 372A. 
control, 331A, 337A. 
design and operation, 376A. 


tubes. 
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OpeN-HgeartTH FURNACES (contd.)— 
effect of raw materials charged. 
378A. 
heat balance, 378A. 
insulation, 331A. 
natural gas, 350A. 
producer gas, 378A. 
relation between port type, output 
and oxidising effect, 377A. 
Terni type, 378A. 
OpPEN-HEARTH PRACTICE, 
boilers, 336A. 
OpEN-HEARTH PROCEss : 
basic, reactions, 381A. 
slag control, 385A. 
Open-HEARTH SLAG, viscosity, 3874. 
Opren-HeArTH STEEL, residual metals 
present, 379A. 
OrREs, mining and treatment, 325A. 
Orro Cokkr-OVEN, 345A. 
OVERSTRAINED MATERIAL 
475A. 
OVERSTRESSING, effect on metals, 487A. 
Oxatic Actp, use, for etching, stainless 
steel, 506A. 
Oxrorp Trstina MAcHtIng, 472A. 
OXIDATION : 
frictional, steel, 481A. 
iron and steel, 421A, 422A. 
Oxipistnc Errect, open-hearth fur 
naces, 377A. 
OXYGEN : 
corrosion of steel, 523A. 
determination in steel, bibliography, 
3924. 
determination in steel, fusion method, 
392A. 
determination in steel, hot extraction 
and iodine solution methods, 
392A. 
effect in iron, magnetic ageing, 477A. 
effect in iron-silicon alloys, magnetic 
properties, 504A. 
effect in steel, ageing, 477A. 
for enriching blast, 3554. 
production, Linde- Frankl 
357A. 
in steel, 392A. 
OXYGEN-PHOSPHORUS EQUILIBRIUM in 
liquid iron, 358A. 


waste-heat 


stresses, 


system, 


e 
PaINnts, heat-resistant, 458A. 
Park GATE IRON AND STEEL Co., LTD., 
waste-heat boiler trial, 3364. 
Pasopas Device for measuring roll 
pressures, 399A. 
PassIvity, metals, 521A. 
Patterns, foundry, for pipes, 3654. 
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PERLITON CAKBURISING COMPOUND, 
419A. 
PreTRoLEeuM Deposirs, Montana, 3234. 
PHOSPHORUS : 
determination in steel, 529A. 
distribution between metal and slag 
in basic process, 13, Paper. 
effect in cast iron at high tempera- 
tures, 465A. 
effect in cast 
463A. 
effect in cast iron, section suscepti- 
bility, 464A. 
effect in copper steel, corrosion, 5174. 
effect in steel, temper-brittleness, 
431A. 
reactions in steelmaking, 13P. 
PHOSPHORUS-OXYGEN EQUILIBRIUM in 
liquid iron, 358A. 
Puoto-Exastic Tests, 474A. 
PuoroaraPuy, metallographic, 5074. 
PHOTOMICROGRAPHS, interpretation and 
preparation, 507A. 
PICKLING : 
Bullard-Dunn process, 4464. 
electrolytic, 4464. 
Ferrolite process, 447A. 
hydrogen diffusion, 4474. 
metals, 4464. 
pitting of metals, 448.4. 
PicKLING BaTus : 
use of inhibitors, 447A. 
use of sodium cyanide, 4474. 
PICKLING PLANT, lay-out, 446A. 
Pia Iron: 
desulphurisation, 38-44. 
production, 354A. 
recovery of vanadium, 385.4. 
refined, production, 364A. 
Propert Errect in iron and steel. 75. 
Paper. 
PIPEs : 
cast-iron, specification, British, 5024. 
centrifugal casting, 370A. 
corrosion tests, 522A. 
mine-filling, steel for, 497.4. 
patterns for casting, 3654. 
welding, 437A, 4384. 
PisHeL Test for cokability of coal, 
343A. 
Cores, 
3714. 
Piston Rivas: 
production, 369A. 
single-cast compared 
fugally-cast, 467A. 
PLATES : 
boiler, effect of cold-work, 4824. 
roofing, cast iron, 370A. 


1435—1i 


iron, machinability, 


PIsTON centrifugal casting, 


with centri- 
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PLATES (contd.)- 
welded, compared to rolled material, 
4434. 
Pokorny BLoweEr, 335A. 
POLISHED SURFACES, nature, 507A. 
PoLIsHTNG, metallographic, 507A. 
Porostry : 
welds, 443A. 
zine coatings, 452A. 
Ports, open-hearth 
sions, 377A 
PowER, consumption in wire-drawing, 
413A. 
PRESET SCREWDOWN EQuIPMENT, 399A. 
PRESSED STEEL Co., Lrp., flash welding 
machine, 438A. 
PRESSURE VESSELS : 
alloy steel for, 5004. 
welded, stress relief, 440A. 
Propvcer Gas, open-hearth furnaces, 
378A. 
*RODUCERS : 
for coke-ovens, 350A. 
reactions, 350A. 
PROFILOGRAPH, for measuring 
roughness, 445A. 
PROPANE! 
combustion, 353A. 
use for bright annealing, 4234. 
PULLEY WHEELS, moulding, 3694. 
PULVERISED CoAL, see Coal, pulverised. 
Pumps. oil-refinery, steels for, 499A 
Pytons, fracture, 502A. 
PYROMETERS : 
416A, 418A. 
use in steel making, 3374 


furnace. dimen- 


surface 


QUENCHING, stecl, expansion due to 
martensitisation, 4284. 


Rapiant Tuses for furnace heating, 
4184. 
RAIL STEEL : 
endurance at low temperatures, 4894. 
manufacture, slag control, 385A. 
RaILs : 
Bessemer steel, properties, 5014. 
heat treatment, 425A. 
occurrence of fissures, 501A. 
straightening machine, 412A. 
RAPIDEEP CARBURISING COMPOUND, 
4194, 
Reactivity, coke, 3494. 


RecuPeErRaTorS. calculation, 338A. 
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REFRACTORY Brick : 

chrome, manufacture, Ritex process, 
327A. 

coke-oven doors, 329A. 

firebrick, manufacture, 3274. 

magnesite, properties, 3284. 

silica, tridymite detection by X-rays, 
328A. 


REFRACTORY CEMENTS, properties, | 


327A. 
REFRACTORY MATERIALS : 
action of slags, 329A. 
aluminous, properties, 3274. 
fireclay, texture, 329A. 
firing with coke-oven gas, 3274. 
foundries, 3294. 
grinding, dust elimination, 3284. 
magnesia, properties, 3274. 
magnesium silicate, properties, 3284. 
malleable iron furnaces, 330A. 
properties and tests, 3274. 
siliceous, properties, 3274. 
silico-aluminous, properties, 3274. 
REGULATING INSTRUMENTS, 3374. 
REHEATING FURNACES : 
continuous, operation. 39341. 
insulating bricks, 3304. 
natural gas, 350A. 
Rimmtmxna STEEL, manufacture, slag 
control, 385A. 
Risers for moulds, 365A. 
Ristne Sun Couirery, coal-cleaning 
plant, 3414. 
RiTeEX CHROME Brick, 3274. 
Roap-MakKING MACHINERY, welding, 
438A. 
ROASTING : 
iron ore, Saint Jacques furnace, 
325A. 
sulphide ores, 3264. 
Rock Drixts, steels for, 4994. 
ROCKINGHAM COLLIERY, coal-cleaning 
plant, 3414. 
Rop MILLs : 
403A, 4074. 
calculation of loops, 4044. 
Rout Couiars, use, 398A. 
Rou Design, effect on seam formation 
in bars, 3984. 
RoLL PRESSURES, measurement, Paso- 
pas device, 3994. 
RoLLED MATERIAL, thickness measure- 
ment, 4124. 
ROLLING : 
bright stock, 4044. 
cold-, strip, effect of roll diameter, 
407A. 
flow of metals, roll opening phenom- 
enon, 398A. 





Routine Mity Piant : 

‘** B.M.” Rolling Mills, Ltd., 4064. 

Kobe Steel Works, 4034. 

McLoutb Steel Corp., 406A. 

Niles Sheet Mill, 405.4. 

Société Anonyme des Aciéries de 
Micheville, 403A. 

South African Iron and Steel Corp.. 
404A, 


Yniscedwyn Tinplate Co.,  Ltd., 


410A. 
Youngstown Sheet and Tube Co., 
405A, 406A. 
ROLLING-MILL PRACTICE, 3984. 
Rouirya-Miti Tasces, individual driv- 
ing, 410A. 
Rotiine MILLs : 
bar, 407A. 
bar, ruwnning-out time of bars, 
404A. 
bearings, adjustment, 4004. 
bearings, anti-friction, 400A. 
bearings, effect of roll-neck deflection 
on life, 4004. 
bearings, Kugeltischer type, 4024. 
bearings, maintenance, 401A. 
bearings, roller, 400A. 
bearings, Schépf type, 4024. 
bearings, self-aligning, 400A. 
bearings, S.K.F. type, 4014. 
bearings, Timken type, 4014. 
bearings, Vereinigte Kugellager- 
fabriken type, 4014. 
billet, 403A. 
blooming, 4034. 
construction, 400A. 
descaling of material, 4114. 
electric driving, 410A. 
lubrication, 402A. 
precision, 407A. 
rod, 403A, 407A. 
rod, calculation of loops, 404A. 
serew-down equipment, 3994. 
section, 4034. 
sheet, 404A, 405A. 
sheet, American, 405A. 
sheet, effect of metal composition on 
stickers, 406A. 
sheet, output supervision, 405A. 
Steckel, 406.4. 
strip, 405A, 406A, 407A. 
strip, cost calculation, 4084. 
tube, 408A. 
tube, energy consumption in piercing 
billets, 409.4. 
tube, Russian, 410A. 
ROLLs : 
changing devices, 400A. 
chilled, production, 368A, 369A. 
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Rotts (contd.)— 
chromium-molybdenum 
failure, 368A. 
composite, 398A. 
diameter, effect on cold-rolling strip, 
407A. 
individual driving, 400A. 
surface hardening, 369A. 
Roorine PuaTeEs, cast iron, 370A. 
ROSENBERG, iron ore deposits, 323A. 
Rotary Exvecrric Co., heat-treatment 
plant, 423A. 
Roveutne MILLs, screw-down equip- 
ment, 399A. 
R.R.-11 Alloy, 5184. 
RUMANIA, metallurgical industry, 323A. 
RUSSIA : 
blast-furnace developments, 354A. 
iron industry, electrification, 337A. 
tube mills, 410.4. 


cast’ ron, 


Saar, metallurgical works, 360A. 
SAAR COAL, constituents, 3434. 
SaIntT-JACQUES FURNACE, 325A. 
SaLt SOLUTIONS, corrosion of 
523A. 
SAMPLING : 
coal, 532A. 
coal tar, 532A. 
SARDINIA, mineral industry, 3234. 
SCALING : 
iron, 421A. 
steel, subcutaneous effects, 67, Paper. 
steel under stress, 524A. 
ScHERBIUS CONTROL SYSTEM 
blowers, 354A. 
Scu6pr Rotter BEaRiNGs, 4024. 
ScoTLanD, shale oil industry, 3524. 
SCREENING, coke, 413A. 
Screw-Down EQuripMeEnt, rolling mills, 
399A. 
Section Mitts, 403A. 
SEGREGATION : 







iron, 


for 


effect of differential solidification, 
392A. 


relation to gas formation in steel, 
392A. 

NIUM STEEL, 495A. 

crt FurNACES, 363A. 

Suarts, bend-fatigue strength, 
of tillets, 490A. 

SHALE Oru INpustrRyY, Scotland, 

SuapPe, effect on strength, 469A. 

SHEEPBRIDGE STOKES 
CastTIn@s Co., LTD., plant, 373A. 

SHEET Bar MILL, screw down equip- 
ment, 399A. 


SEI 






effect 


352A. 


CENTRIFUGAL 


SHEET MILLs : 
404A, 405A. 
American, 405A. 


effect of metal composition on 
stickers, 406A. 
output supervision, 405A. 
SHEETS : 
blanking and shearing, 413A. 
corrosion, 524A. 
deep-drawing tests, effect of tool 


dimension, 397A. 
electrolytic iron, magnetic properties, 
503A. 
enamelling, 456A. 
grading machine, 412A. 
handling truck, 413A. 
heat-treatment furnaces, 
measuring device, 412A. 
normalising, 4244. 
pickling, hydrogen diffusion, 4474 
thermal conductivity, 482A. 
welding, 438A. 
Sute CONSTRUCTION : 
electric are welding, 440A. 
steels for, 495.4. 
SHORTERISING Process, 420A. 
SIEGERLAND, iron ore deposits, forma- 
tion, 323A. 

Stiica, effect on phosphorus distribu- 
tion in steelmaking, 25P. 
Sruica Bricks, see Refractory Bricks. 
Smicares, iron-nickel, equilibria with 
iron-nickel alloys, 381A. 
SILico-MANGANESE STEEL, tempering, 

effect of deformation, 429A. 
SILICON : 


417A 


machinability. 


effect in cast iron, 
463A. 
effect in cast iron, section suscep- 


tibility, 4644. 
effect in copper 
525A. 
effect in steel, corrosion, 525A. 
effect on steel wire, 415A. 
transformation, austenite, 512A. 
SILICON - CHRoMIUM - MOLYBDENUM 
STEEL, properties at high tem- 
effect of carbon, 


steel, corrosion, 


peratures, 
486A. 

SILKSWORTH COLLIERY, 
plant, 3414. 

SILVER-STEEL TOOLs, use for machining 
chromium-nickel steel, 4814. 

StmpLex Biast-FURNACE STOVE, 355A. 

Stmptex Gas CLEANING SYSTEM, 
351A. 

Smnter, reducibility, 358A. 

SINTERED MaTERIALS for permanent 
magnets, 505A. 


coal-cleaning 
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SINTERING : 
iron ore, Dwight-Lloyd system, 326A. 
iron ore, Saint Jacques furnace, 325A. 

SINUFLO Frre-TvuBEs, 337A. 

S.K.F. Rotier Bearres, 401A. 

Siac Cars, 413A. 

Staqa-MeraL EQuiiisris, 383A. 

Staa@ Reactions, acid, action of carbon 
as reducing agent, 382A. 

Stac Repvction Co., Lrp., plant, 
388A. 

Siac Systems, 387A. 

SLaGs : 

action on refractory materials, 329A. 

blast-furnace, desulphurising action, 
effect of alumina, 357A. 

control in basic electric-furnace 
practice, 385.4. 

control in blast-furnaces, 384A. 

control in steel making, 3854. 

testing, 385A. 

viscosity, 387A. 

SLuRRY, treatment, 341A. 

Smiru ALLoy No. 10, 518A. 

SoakKINeG Pits : 

construction and operation, 393A. 
heating of ingots, 393A. 
natural gas, 350A. 

Socrktt ANONYME DES ACIERIES DE 
MICHEVILLE, rolling mill plant, 
403A. 

Socrttk M&TALLURGIQUE DE Monr- 
BARD-AULNOYE, seamless-tube 
plant, 4094. 

Socrérk MintkreE DES TERRES ROUGES, 
blowing plant, 355A. 

Sopa Asn, use for refining cast iron, 
363A. 

Sopium CYANIDE, use in pickling baths, 
447A. 

Sopium SvupHirte, effect on tinplate, 
corrosion, 454A. 

SOFTENING TEMPERATURE, coal ash, 
determination, 333A. 

Som REsIsTANCE, relation between 
underground currents, 527A. 

SOLDER, penetration into steel, 43P. 

SoLIDIFICATION, differential, effect on 
segregation in ingots, 392A. 

Soputa-JAcoBa COLLikry, coal-cleaning 
plant, 340A. 

SoutH AFRICAN 
Corp. : 

blast-furnace plant, 354A. 
plant, 390A. 
rolling-mill plant, 404A. 

Spark Tests, 492A. 

Spatuic Org, Siegerland, formation, 

3A. 


IRON AND STEEL 


» 





SPECIFICATION : 
cast-iron pipes, British, 502A. 
grinding wheels, British, 503A. 
weld metal for oxy-acetylene welding, 
434A. 
wire ropes, British, 503A. 
SPECTRUM ANALYSIS : 
530A, 531A. 
iron-nickel alloys, 531A. 
SPEED CasE STEEL, 4944. 
SPEEDICASE CARBURISING COMPOUND, 
419A. 
SPONGINESS in iron castings, 375A. 
Sprayina, metals, 448A, 455A. 
SPRINGS : 
heat treatment, 417A, 4254. 
testing machine, 469A. 
STAINLESS STEEL: 
determination of chromium, 529A. 
drawing, 415A. 
etching reagent, use of oxalic acid, 
506A. 
forging, 395A. 
welding, 435A. 
SraMPINGs, estimation of blanks, 397A. 
STEcKEL MI.is, 406A. 
STEEL : 
ageing, 476A. 
ageing, effect of deoxidation, 477A. 
ageing, effect of nitrogen and oxygen, 
477A. 
alloy, case-hardening, 420A. 
alloy, drawing, 415.i. 
alloy, properties, 506A. 
alloy, transformation, effect of ele- 
ments, 512A. 
alloy, use, aircraft construction, 495A. 
alloy, welding, 436A. 
analysis, 529A. 
behaviour under prolonged stress, 
281, Paper. 
bleeding, 4804. 
boiler, caustic embrittlement, 478A. 
bright, 4954. 
case-hardened, effect of manganese, 
420A. 
case-hardening, 419A. 
cementation by beryllium, 418A. 
cold-drawn, endurance at low 
temperatures, 489A. 
corrosion, effect of elements, 525A. 
corrosion in oxygen and carbon 
dioxide solutions, 523A. 
corrosion probability, effect of compo- 
sition, 520A. 
creep, effect of time, 484A. 
creep, structural changes 
place, 179P. 
damping capacity, 487A. 
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STEEL (contd.)— 

decarburisation, effect of grain-size, 
423A. 

deoxidation, 383A. 

desulphurisation, 383A. 

desulphurisation by beryllium, 384A. 

desulphurisation by manganese, 3844 

direct production in blast-furnace, 
360A. 

elastic properties, 470A. 

fatigue tests, load deflection, 488A. 

ferrite formation, effect of deoxida- 
tion, 509A. 

free-cutting, 494A, 495A. 

frictional oxidation, 481A. 

gases in, 383A, 392A. 

grain-size, effect of aluminium, 493A. 

grain-size, relation to hot-work, 508A. 

hardened, transformation tempera- 
tures of austenite and marten- 
site, 513A. 

hardening, 426A. 

high-tensile, properties, 494A. 

high-tensile, welding, 434A. 

inclusions, 392A. 


liquid, temperature measurement, 
379A. 

manufacture, 376A. 

manufacture, acid-slag reactions, 


action of carbon, 382A. 

manufacture, behaviour of elements, 
383A. 

manufacture, slag control, 385A. 

microscopic constituents, 509A. 

microscopic constituents, nomencla- 
ture, 509A. 

nitriding, 420A. 

notch sensitiveness under alternating 
stress, 473A. 

open-hearth, residual metals present, 
379A. 

oxygen content, 392A. 

penetration of molten white metals, 
43, Paper. 

Piobert effect, 75, Paper. 

properties at high temperatures, 
483A, 484A. 

properties at high temperatures, 
effect of carbon, 486A. 

quenching, expansion due to marten- 
sitisation, 428A. 

rail, endurance at low temperatures, 
489A. 

scaling, 421A. 

scaling, subcutaneous effects, 67, 
Paper. 

stability at high temperatures, 485A. 

stress-elongation curves in blue-heat 
range, 482A. 


| 
| 


STEEL (contd.)— 
temper-brittleness, 431A. 
temper-brittleness, effect of phos- 

phorus, 431A. 

tempering, 426A. 
tensile strength, 470A. 
transformations, 511A. 
welding, 434A. 

STEEL, PEEcH AND TozeER, plant, 389A. 


| STEEL PLANTs : 


| 


Hadfields, Ltd., 390A. 
Fried. Krupp. A.G., 390A. 
Lancashire Steel Corporation, Ltd., 
389A. 
Lukens Steel Co., 390A. 
Millom and Askam Hematite Iron 
Co., Ltd., 389A. 
South African Iron and Steel Corp., 
390A. 
United Steel Companies, Ltd., 3884, 
389A. 
Vereinigte Oberschlesische Hiitten- 
werke A.G., 390A. 
STERLING Founpry Co., foundry plant, 
375A. 
Stitt Coke-Oven, 3444. 
STRAIGHTENING MacutnE for rails,412A. 
STRAIN FIGURES: 
15P. 
carbon steel, 475A. 
StrenotH, effect of shape, 469A. 


| STRESS : 





alternating, notch-sensitiveness of 
steel, 473.4. 
concentration at holes and notches, 
281P. 
prolonged, behaviour of mild steel, 
281, Paper. 
StREss-ELONGATION CURVES, steel, in 
blue-heat range, 482A. 
Srress RELIEF, pressure vessels, 440A. 
STRESSES : 
overstrained material, 475A. 
in welds, measurement, 441A. 
Srrrr : 
annealing, 423A. 
coating with copper-lead, 454A. 
cold-rolling, effect of roll diameter, 
407A. 
conveyors, 413A. 
defects, 408A. 
Strip MILs : 
405A, 406A, 407A. 
cost calculation, 408A. 
SrrRucTURAL STEEL: 
corrosion under stress, 524A. 
cutting, 444A. 
effect of degree of forging, 396A. 
elastic limit, 470A, 
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SucKker-Rops, selection for oil wells, | TEMPERATURES (contd.)— 


498A. 
SULPHIDE ORES, roasting, 3264. 
SULPHUR : 
behaviour in steel making, 383A. 
determination in nickel alloys, 530A. 
determination in steel, 530A. 
effect in cast iron, machinability, 
463A. 
SuLPpHuRIC ACID, corrosion 
effect of arsenic, 525A. 
SuLpuvuric-Actp/AMMONIUM-SULPHATE 
/WaTER System, 348A. 
SUNCOLE CARBONISATION 
347A. 
SUPERHEATERS, alloy steel for, 500A. 
SUPERHEATING, effect on cast iron, 
463A, 464A. 
SURFACE ROUGHNESS, 
445A. 
SWEDIsH Iron, behaviour under defor- 
mation at high temperatures, 
179P. 


iron, 


of 


PROCESS, 


measurement, 


TANKS, asphalt coating, 458A. 
Tar: 
hydrogenation, 352A. 
steelworks, characteristics, 379.4. 
Tar-MacapaM, production, 388A. 
TECHNICAL TERMS, definitions, 506A. 
TEMPER- BRITTLENESS : 
effect on penetration of white metals 
into steel, 62P. 
nickel-manganese steel, 111P. 
steel, 431A. 
steel, effect of phosphorus, 4314. 
TEMPERATURES : 
casting, effect on blowholes in ingots, 
392A. 
control, 337A. 
fusion, coal ash, determination, 333A. 
high, deformation of metals, 179, 
Paper. 
high, properties of cast iron, 461A. 
high, properties of nickel-cobalt-iron 
alloys, 486A. 
high, properties of steel, 483A, 484A. 
high, properties of steel, effect of 
carbon, 486A. 
high, stability of steel, 485A. 
high, tensile testing machine, 185P. 
high, tensile tests of iron and steel, 
179P. 
low, fatigue tests of metals, 489A. 
low, impact resistance of nickel] steel, 
473A. 
measurement, 416A. 


” 
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measurement, errors with thermo- 
elements, 417A. 
measurement, liquid steel, 379A. 
pouring, effect on cast iron, 464A. 
softening, coal «ash, determination, 
333A. 
TEMPERING : 
iron-nickel-chromium alloys, effect of 
tension, 430A. 
roller bearings, 417A, 428A. 
silico-manganese steel, effect of defor- 
mation, 429A. 
steel, 426A. 
TENSILE PROPERTIES, nickel-manganese 
steel, 99P. 
TENSILE STRENGTH : 
cast iron, relation 
strength, 459A. 
steel, 470A. 
TenstILE Testinac Macutne for high 
temperatures, 185P. 
TENSILE TESTs : 
iron and steel at high temperatures, 
structural changes taking place. 
179P. 
steel, in blue-heat range, 482A. 
welds, 441A. 
TERNI OpEN-HEARTH FURNACES, 378A. 
Test Bars: 
cast iron, 459A. 
notched, standardisation, 472A. 
TEsTING MACHINES, 468A. 
for cast iron, 459A. 
creep, 184P. 
fatigue, electromagnetic, 487A. 
fatigue, Haigh-Robertson, 487A. 
fatigue, rotating-beam, 487A. 
fatigue, for small-diameter wire, 486A 
hardness, Ballentine, 479A. 
impact, Oxford, 472A. 
springs, 469A. 
tensile, for high temperatures, 185P. 
TESTS : 
bend, cast iron, 460A. 
corrosion, methods, 522A. 
corrosion, pipes, 522A. 
creep, Rohn method, 484A. 
cutting, tool steel, 481A. 
deep-drawing, sheets, effect of tool 
dimension, 397A. 
electrodeposited metals, 451A. 
electromagnetic, wire ropes, 482A. 
fatigue, load-deflection, 488A. 
fatigue, metals at low temperatures, 
489A. 
fatigue, welds, 4414, 4424. 
folding, welds, 441A. 
forge, welds, 441A. 


to transverse 
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TEsts (contd.) 
hardness, nitrided steel, 479A. 
impact, welds, 4414. 
photo-elastic, 4744. 
spark, 492A. 
tensile, steel, in blue-heat range, 4824. 
tensile, welds, 441A. 
wear, 479A, 480A. 
welded tubes, 4414. 
welds, 4414, 4424. 
wire, 468A, 
THERMOCOUPLES, errors in use, 4174. 
THERMOTECHNOLOGICAL CALCULATIONS, 
334A. 
TILLMANN F.uvEs for coke-ovens, 3444. 
TILMANSTONE BrIQUETTE PLANT, 343. 
TIMKEN RoLier Beartna Co., heat 
treatment furnaces, 418A. 
TIMKEN Rouvuer BEArtines, 4014. 
TIN: 
cementation of 
nickel, 419A. 
effect in copper steel, corrosion, 5174. 
electrodeposition, use of alkaline 
stannate baths, 4504. 
Trin ALLoys, equilibrium diagram. 5164. 
Tin CoaTINGs: 
448A. 
electrodeposited, 
tin, 453A. 
hot-dipped, 4534. 
Tix Deposits, France, 322A. 
TINPLATE : 
corrosion, effect of sodium sulphite. 
454A. 
formation of black spots, 4534. 
improvement by superimposed elec- 
trodeposited tin, 453A. 
optical metal of surface examination, 
135, Paper. 
TITANIFEROUS IRON ORE, 
tion, 325A. 
TITANIUM : 
determination 
530A. 
effect in cast iron, impact resistance, 
460A. 
effect in copper steel, corrosion, 5254. 
use in metallurgy, 4934. 
Too. STEEL: 
cutting tests, 481A. 
decarburisation, 423A. 
hardening, 426A. 
hardening characteristics, 508A. 
hardening depth, determination, 
426A. 
heat treatment, 417A, 427A. 
nitriding, 420A. 
torsion-impact properties, 474A. 


iron, copper and 


superimposed on 


concentra- 


in chromium steel, 
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Torsion-IMpact PROPERTIES, tool steel 
474A. 

TOUGHNESS, notch, welds, 4424. 

TRANSFORMATION : 

alpha-gamma, 5114, 5124. 
austenite, alloy steel, 5124. 
austenite, initiatory period, 
iron, heat evolution, 5114. 
iron-manganese alloys, 5144. 
magnetic and austenite, carbon steel 
513A. 
steel, 511A. 

TRANSFORMATION TEMPERATURES, aus 
tenite and martensite in hardened 
stec ie 513A. 

TRANSVERSE STRENGTH, Cast iron, rel: 
tion to tensile strength, 4594. 

Tcse Drawing, flow of material, 119P 

Tuse MILLs: 

408A. 
energy consumption in 
billets, 40941. 
Russian, 410A. 
TUBES: 
chromium-molybdenum steel, manu 
facture. 4084. 
heat-treatment furnaces, 417A. 
seamless, manufacture, Erhardt pro 
109A. 
seamless, manufacture, extrusion pro 
cess, 4094. 
seamless, manufacture. 
cess, 4084. 
seamless, manufacture, Mannesmann 
process, 408A, 409A. 
seamless, manufacture, push-bench 
process, 409A. 
welded, tests, 4414. 
TUNGSTEN : 
effect in cast iron, section suscept 
ibility, 4644. 
effect in copper steel, corrosion, 5 
effect on steel wire, 415A. 

TUNGSTEN-COBALT-IRON ALLOYS, sta 
bility at high temperatures,4854. 

TunGstEN Deposits, France, 322. 

TUNGSTEN MAGNET STEEL, properties. 
SODA. 

TUNGSTEN STEEL 

quenching, expansion due to marten 
sitisation, 428A. 
transformation, austenite, 

TURBINES : 

cavitation, 52 
Zoelly type, 35% 


513A 


piercing 


cess, 


Foren pro 





512A. 
7A 
55 


A. 


Unirtoc REAGENT, for slurry treat- 
ment, 34] A, 
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Unitep Kinepom : 


specification for cast-iron pipes, 502A. | 


specification for grinding wheels, 
503A. 
specification for wire ropes, 5034. 
UnIrEp StarTEs : 
coal cleaning, 3394. 
mineral resources, 3234. 
sheet mill practice, 405A. 
welding technique, 433A. 
Unirep STEEL Companies, Lp. : 
Appleby plant, 3884. 
Samuel Fox and Co’s plant, 389A. 
Templeborough plant, 389A. 
Workington plant, 388A. 
Usicast, 370A. 


VANADIUM, recovery from pig iron, 
385A. 

VANADIUM STEEL, transformation, aus- 
tenite, 512A. 

Vanapium-TitTANiuM Cast Iron, 3644. 

VEREINIGTE KUGELLAGERFABRIKEN A. 
G., roller bearings, 401A. 

_ VEREINIGTE OBERSCHLESISCHE Hi't- 


TENWERKE, A.G., steel plant. 


390A. 
Viscosity, slags, 387A. 


WasH OIL : 
regeneration, 3494. : 
thickening, 348A. “= 
WasHING, coal, Hoyois washer, 341A. 
Waste Heat, recovery. bibliography, 
336A. 
WastE-Heat Boivers : 
gas works practice, 3364. 
open-hearth practice, 336A. 
WEAR: 
cast iron, 462A. 
wire-drawing dies, 413A. 
Wear Tests, 479A, 480A. 
WELD METAL: 
austenitic, structure, 436.4. 
specification for oxy-acetylene weld. 
ing, 434A. 
WELDED PLaTEs, compared to rolled 
material, 443A. 


WELDED SPECIMENS, residual stress, | 


effect under tension, 475A. 
WELDING : 
alloy steel, 434A, 436A. 
austenitic, Krupp process, 4354. 
bronze overlays to steel, 4374. 
electric, 433A, 439A. 
electric, power for, 432A. 


electric arc, ship construction, 440A. | 


» 


WELDING (contd.)— 
electric arc, types of electrodes, 4334. 
electric resistance, 433A. 
| engine seating structures, 4374. 
| fractured parts, 443.4. 
|  high-tensile steel, 434A. 
machine tools, 437A. 
malleable cast iron, 439A. 
oxy-acetylene, 433A. 
oxy-acetylene, specification for weld 
metal, 4244. 
pipes, 437A, 438A. 
road-making machinery, 438A. 
seam, electric resistance, 4324. 
sheets, 438A. 
stainless steel, 435A. 
steel castings, 440A. 
! WELDING MACHINES : 
| electric resistance, 432A. 
flash, automobile parts, 438A. 
spot, electrodes for, 432A. 
spot, valve control, 432A. 
WeELpon Toon Co., heat-treatment 
plant, 417A. 
WELDs : 
contraction, 443A. 
corrosion, 526A. 
crack formation, 443A. 
effect of peening, 440A. 
fatigue tests, 441A, 442A. 
folding tests, 441A. 
forge tests, 441A. 
hardness distribution, 442A. 
impact tests, 441A. 
irradiation with mesothorium, 440A. 
notch toughness, 4424. 
porosity, 443A. 
stress measurement, 441A. 
tensile tests, 441A. 
Wuite Metacs, molten, penetration 
into steel, 43, Paper. 
Wrixcet, Lrp., foundry plant, 374A. 
WIRE: 
cold-drawn, fatigue, effect of low- 
temperature heat treatment, 143, 
Paper. 
fatigue, effect of oils and greases. 
491A 
| small-diameter, fatigue testing 
| machine, 486A. 
stainless steel, drawing, 4154. 
steel, effect of elements, 415A. 
tests, 468A. 
yield under stresses of small duration, 
490A. 
| WirE-DRawINe : 
flow of material, 120P. 
power consumption, 4134, 
Wrree-Drawrne Diss, wear, 4134. 
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Wrre-DrawinG Pants, layout and | YNIscepwyn TINpLATE Co., L7p., roll- 


maintenance, 415A. 
WIRE Ropss : 
deterioration in service, 498A. 
electromagnetic tests, 4824. 
properties, 497A. 
specification, British, 503A. 
WrrE SuaPes, drawing, 4144. 
Wrovent Iron: 
manufacture, Aston process, 
manufacture and properties, 


359A. 
359A. 


X-Ray EXAMINATION : 
coal, 338A. 
metals, 507A. 
silica brick, 328A. 
steel castings, 440A. 


ing mill plant, 410A. 
YOUNGSTOWN SHEET AND TUBE Co., 

rolling mill plant, 4054, 406A. 
YUGOSLAVIA, chrome ore deposits, 3234 


Zixc AMMONIUM CHLORIDE, use in gal- 
vanising, 451A. 
Zinc COATINGS: 
448A. 
immersion time ¢ 
porosity, 452A. 
Zixc-lRon System, 516A. 
ZIRCONIUM : 


ersus quality, 452A. 


determination in chromium steel, 
530A. 
uses, 493A. 
ZOELLY TURBINE, 355A. 



























Assott, E. J., measurement of surface 
finish, 445A. 

AcKLEY, R. A., alpha-gamma trans- 
formation, 512A. 

ANDREw, J. H.: 

inclusions in ingots, 392A. 
segregation in ingots, 392A. 
steel castings, 371A. 

steel melted in vacuo, 3924. 

ANDRIEU, O., sticking of sheets, 406A. 

Axrmow, G. W., corrosion with oxygen 
depolarisation, 5214. 

ALBERT, W., elected member, 8. 

ALBRECHT, R., measurement of rolled 
materials, 412A. 

Avcacer, J. N., strength of cast iron, 
461A. 

ALEXANDER, M., effect of casting tem- 
perature on blowholes in ingots, 
392A. 

ALLEN, R. H., de-dusting of coal, 340A. 

ALMEN, J. O., endurance of axle gears, 
492A. 

ApPrENRODT, A., damping capacity of 
steel, 4884. 

APPLEYARD, K. C., coal-cleaning 
Rising Sun Colliery. 3414. 

Armovcr, J. D., cold-drawn bars, 397A. 

ArmstronG, T. N., welding of steel, 
434A. 

ARNFELT, H., iron-tungsten and iron- 
molybdenum alloys, 516A. 
AronovitcH, V., drying of moulds, 

366A. 

Arvipsson, E. D., welding, 43144. 

Asu, E. J., X-ray examination of cast- 
ings, 440A. 

AsHpown, H. H., cracks in forgings, 
396A. 

Aston, J., wrought iron, 3594. 

Atxins, E. A.: 

patented steel wire. 169D. 
use of Hele-Shaw apparatus, 130D. 

Austin, C. R., properties of nickel 
cobalt-iron alloys at high tem. 
peratures, 486A. 


at 


Baatz, K., notch-toughness of boiler 
welds, 441A. 

Basix, H., diffusion of hydrogen in 

pickling, 447A 
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Bacon, F., fatigue of marine engine 
parts, 490A. 
Bacon, N. H., forging steel, 395A. 
BADENHEUER, F., high-frequency fur- 
naces, 386A. 
BAEYERTZ, M., oxidation of steel, 4224. 
Bary, E. C.: 
ageing of steel, 476A. 
constituents in steel, 509A. 
Barres, C. E., firing of refractories, 
327A. 
BaLuay, M., elected member, 8. 
BALLENGER, W. M., screw-down control 
gear, 399A. 
BANNISTER, L. C., tests of electrode- 
posited coatings, 4514. 
BarBeEr, C. T., natural gas in Burma, 
322A. 
BARDENHEUER, P. : 
equilibria between iron-nickel alloys 
and iron-nickel silicates, 3814. 
reactions in basic process, 381A. 
Barker, G. H., pyrometers, 416A. 
Barrett, E. P., coal-ash softening 
temperature, 333A. 
Batty, G. A., temperature gradients in 
steel casting, 3714. 
BaveEr, J., electrodeposition of copper 
nickel-iron alloys, 449A. 
BavKion, W., effect of hydrogen in 
cast iron, 466A. 

Bavutz, W., strength due to shape, 
469A. 

Bax, K., mine-filling blast pipes, 497A. 

Baye, R. M., screw-down control gear, 
399A. 

Breck, K., enamels, 457A. 

BECKMANN, E., Krupp welding pro- 
cess, 435A. 

Beeny, H. H., machinability of cast 
iron, 4634. 

BELCHER, R., estimation of fusain in 
coal, 339A. 

Bett, R. A., slagging of refractories, 


3294. 
Bensow, W. E., elected member, 8. 
BENNEK, H., effect of phosphorus on 


temper-brittleness, 431A. 
Benson, L. E. : 
inclusions in steel, 275D. 
stressed metals at high temperatures, 
228D. 
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BERESFORD-JONES, P., elected member, 


BERRISFORD, S. R., de-dusting of coal, 
340A. 

BERTSCHINGER, R., properties of cast 
iron at high temperatures, 
461A. 

BERTHELOT, C. : 

coal cleaning, 340A. 

metal industries of Rumania and 
Czechoslovakia, 323A. 

metal industries of Sardinia, 323A. 

BERTHOLD, R. : 

irradiation of welds with meso- 
thorium, 440A. 

tests of welds, 441A. 

Brerett, G., measurement of weld 
stresses, 4414. 

Brrcn, R. E., Forstcrite refractories, 
328A. 

Brrtxkorr, N. D., electrodeposition of 

chromium, 451A. 

Biscuor, temper-brittleness, 4314. 

Biscuor, F., effect of phosphorus in 
cast iron, 466A. 

BIscHor, W.: 

Paper on “The Distribution of 
Phosphorus between Metal and 
Slag in the Basic Process of 
Steel Manufacture.” See 
Maurer, E. 

Biavrock, F., temperature measure- 
ment of molten iron, 379A. 

Bocex, H., chilled castings, 368A. 

BoEGEHOLD, A. L., endurance of axle 
gears, 4924. 

BoLLeNRATH, F., tempering of silico- 
manganese steel, 429A. 

Botsover, G. R.: 

inclusions in steel, 392A. 

ingot moulds, 3914. 

Botton, J. W., properties of cast iron, 
Bonny, J. A. DE, steel castings in 
mining operations, 4974. 
BonHoMME, W., desulphurisation of 

iron, 384A. 

Bonnot, M., corrosion of 
526A. 

BonzEt, M., heat-treatment of cold- 
worked materials, 429A. 
Boon, W. L., preparation and market- 

ing of coke, 349A. 

Boonz, W. D., fatigue tests at low 
temperatures, 489A. 

BoreEL, temper-brittleness, 4314. 

BornsTEIN, H., heat treatment of mal- 
leable cast iron, 431A. 

Boston, W., cutting tests, 481A. 


» 


welds, 
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Bovssarp, F.: 
cupolas and pulverised-fuel-fired fur- 
naces, 362A. 
hand ramming of sand, 365A. 
Bovutieny, M., electric arc furnaces, 
372A. 
Bower, R. S., open-hearth furnaces, 
376A. 
Bowers, C. N., selection of sucker-rods, 
498A. 
Bow tes, H. J., electric welding, 433A. 
Boytsron, H. M., age-hardening of 
metals, 476A. 
Brapsuaw, W. N., electrodeposited tin 
coatings, 453A. 
BRAMLEY, A., obituary notice, 311. 
Bravuns, E., equilibria between iron- 
nickel alloys and_ iron-nickel 
silicates, 381A. 
Breppin, H., Siegerland spathic ore, 
323A. 
Brennert, §., black spots on tinned 
wares, 453A. 
Briaes, C. W., contraction of steel 
castings, 375A. 
Brine, G. G., concentration of titani- 
ferous iron ore, 325A. 
BriInKMAN, I. A., moulding practice, 
367A. 
Brooms, L. R., elected member, 8. 
Bropuy, G. R., damping capacity, 
487A. 
Brown, R. S., heat-resistant steel, 
519A. 
Brown IE, D. : 
control of boilers, 336A. 
low-temperature carbonisation, 346A. 
Brtcue, E. «-y transformation, 5114. 
Brunner, T., heat treatment of rails, 
425A. 
Bruton, G. L., pickling of sheet iron, 
447A. 

Bucuuortz, H., corrosion and scaling 
of structural steel, 524A. 
Bicuuer, F., gas analysis apparatus, 

532A. 

Bucuwa.p, A., “ factor of elasticity 
of bridge girders, 492A. 
Buckwa tte, T. V., photo-elastic tests, 

474A. 
Bue tt, W. C., jun. : 
insulation of open-hearth furnaces, 
331A. 
open-hearth furnaces, 376A. 
BULTMAnNN, moulding sand, 366A. 
Burcers, W. G., textures of nickel-iron 
alloys, 503A. 
Burn, W. S., fatigue of marine engine 
parts, 4904, 
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Burr, W. H., sheet-mill practice, 4054. 

BurRELL, B. S., lubrication, 402A. 

Butter, G. B., blast-furnace practice, 
354A. 

Buzon, V., elected member, 8 


CALDWELL, G. A., general 
motors, 411A. 
Cameron, D. D., moulding sand, 367A. 
Camp, E., corrosion tests, 525A. 
CaMPBELL, D. A., impact resistance of 
nickel steel, 473A. 
CaMPBELL, H. L., cupola charges, 3624. 
CANFIELD, J. J., enamels, 4574. 
Cartvs, C., austenitic welding, 436A. 
Castro, R.: 

Paper on “‘ Morphology of the Inclu- 
sions in Siderurgical Products.” 
See Portevin, A. M. 

CasSwELL, J. S.: 

production of blackplate, 405A. 

roll failures, 368A. 
CAULLE, A., manganese 

dredgers, 499A. 

CAYFORD, J. M., enamels, 4574. 
CHALLANSONNET, J.: 

piston rings, 3694. 

vanadium cast iron, 364A. 
CHALMERS, B. : 

Paper on * Examination of the Sur- 
face of Tinplate by an Optical 
Method.” See Hoare, W. E. 

optical examination of tinplate, 454.4. 

CHAMEN, L. H., elected member, 8. 
CHaupRON, G., gases in metals, 532A. 
CHEVENARD, P.: 

tempering of iron-nickel-chromium 
alloys, 430A. 

tests of metals at high temperatures, 
484A. 

CuraneG, T. K., elected member, 8. 

CHIPMAN, J., reaction of hydrogen with 
ferrous oxides, 380A. 

CurisTian, W. T., firing of refractories, 
327A. 

Crakk, C. L.: 

creep of steel, 484A. 

properties of steel at high tempera- 
tures, 485A. 

Crark, H. B., corrosion with oxygen 
depolarisation, 521A. 

CLARKE, B. L., determination of sul- 
phur, 530A. 

CLASEN, A., heat treatment of tool 
steel, 427A. 

Cook, E.: 

control of open-hearth furnaces, 337A. 

fissures in rails, 501A. 


purpose 


steel for 
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Coox, F. J., balanced-blast cupolas, 
362A. 
Corey, R. C., corrosion of steel, 523.4. 
Corne tvs, H., ageing of steel, 478A. 
Coste, P., reactions in producers, 350A. 
Cotet, E., hardness distribution in 
welds, 442A. 
Cotton, A., temperature measurement, 
416A. 
Covtant, J. G., insulation of furnaces, 
331A. 
CraAMER, H.: 
composite rolls, 398A. 
effect of roll design on formation of 
seams in bars, 3984 
CRAWFORD, J. T., coal flotation, 3394. 
CrawsHaw, S. L., gearing for cranes, 


3904. 
Cricuett, J. H., oxy-acetylene welding, 
433A. 


CrosKELL, A. C., control of welding 
machines, 432A. 

CuLBert, R. C. A., corrosion of iron, 
523A. 

CuTHBERTSON, J. W., load-deflection 
fatigue tests, 488A. 

CzOCHRALSKI, J., elected member, 8. 


DAEVES, K. : 
corrosion-resistant steel, 5174. 
definition of technical terms, 506.4. 
tests of welds, 441A. 
Dau., O.: 
iron-nickel alloys, 515A. 
magnetic properties of electrolytic 
sheet iron, 5044. 
Dant, T., flow of metal in rolling, 398A. 
DanIE.s, E. J., tin coatings, 453A. 
Danttorr, B. N., effect of deoxidation 
on ageing, 477A. 
DavBots, heat treatment of cast steel, 


4244. 

Davenport, E. S., ageing of steel, 
476A. 

Davipsox, C. F., welding of sheets, 
438A. 


Davies, D. G., effect of casting tem- 
perature on blowholes in ingots, 
3924. 
Davies, D. T., grading of coal, 340A. 
Davies, W. R., obituary notice, 311. 
Davis, N. L., handling devices, 413A. 
Davison, V. W., elected member, 8. 
Dawson, S. E., determination of mois- 
ture in moulding sand, 367A. 
Dean, R. 8., direct production of iron, 
359A. 
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Deans, W., circuit breakers for steel | 


mills, 410A. 

Decovx, A., elected member, 8. 

Devzart, G., elastic limit of structural 
steel, 470A. 

Desc, C. H., flow of metals, 125D. 

Dewctr, N., effect of cold-work on 
boiler plate, 4814. 

DIENBAUER, J., electrodeposition of 
copper-nickel-iron alloys, 449A. 

DrerKER, A. H., combustion in cupolas, 
363A. 

Diecss, T. G., hardening characteristics 
of tool steel, 508A. 

Di Guixto, A., effect of superheating on 
cast iron, 464A. 

DiruMeEr, 8. E., nickel alloys for auto- 
mobile construction, 496A. 
Dixon, 8. M., deterioration of haulage 

ropes, 498A. 
Dosson, W. E., elected member, 8. 
DonaLpson, J. W.: 
alloys for shipbuilding, 4954. 
marine corrosion, 526A. 
properties of alloys, 506A. 
Doprer, H., austenite transformation 
in alloy steel, 512A. 
Dost, F. J., alloy cast iron, 4674. 
Doveuty, E. H., roller bearings, 4014. 
Dreu_ER, G. K., use of bronze for dies, 
394A. 
Dusois, H., strickle moulding of cast- 
ings, 370A. 
Duqutnoy, M., welding of sheets, 438A. 
DUTILLEUL, power stations for welding, 
432A. 
Dwyer, P.: 
gates and risers, 365A. 
plant of Homestead Valve Co., 3744. 
plant of Mackintosh-Hemphill Co., 
369A. 


EastuaM, H. H., moulding of fly-wheel 
hubs, 370A. 

Exsert, H., compressibility of solid 
bodies, 469A. 

Esrigut, H. E., enamelling, 4564. 

Epwarps, C. A., effect of casting tem- 
perature on blowholes in ingots. 
392A. 

Eeaieston, 8., conveyors for steel 
mills, 412A. 

EILENDER, W., ageing of stecl, 478A. 

EINECKE, G., iron ore in Germany, 
322A. 

EIsENKOLB, F., corrosion tests of ‘steel 
sheets, 524A. 

Ett, O., insulation of furnaces, 3314. 


” 


ELLINGER, G. A., etching reagent for 
stainless steel, 506A. 

Extincuam, H. J. T., plating baths, 
448A. 

Etuis, C., insulating materials, 331A. 

Exits, O. W., wear of cast iron, 462A. 

Euiss, H., steel melted in vacuo, 392A. 

EmMMERLING, K., natural gas, 350A. 

ENDELL, K., tridymite in silica brick, 
328A. 

Enpers, W., stress-elongation curves 
of steel, 482A. 

Enp6, H., corrosion of mild steel, 5254. 

Enpo, K., oxidation of iron, 422A. 

Erstern, S., metallurgical investiga- 
tions in Germany, 383A. 

ERBER, G., calculation of notch fatigue 
strength, 488A. 

ErspaMER, A., electrodeposition of tin, 
450A. 

EvckEN, A., thermal conductivity of 
sheets, 482A. 

Ever, H., temperature measurement, 
417A. 

Evans, C. L., texture of refractories, 
329A. 

Evans, E. C., fuel economy in iron 
industry, 336A. 

Evans, G., seamless tubes, 408A., 409A. 

Evans, U. R.: 

corrosion probability, 520A. 
soil resistance and underground cur- 

rents, 527A. 

Everts, T., bardness of sprayed 
coatings, 455A. 

Ewrna, J. A., obituary notice, 312. 

EYERMANN, P., elected member, 8. 


Fapre, H., strickle moulding of cast- 
ings, 370A. 
Fak, A. E., centrifugal casting of 
piston cores, 371A. 
Farnuam, G. S., wear of cast iron, 
462A. 
Farr, W. S., deseaming of billets, 
411A. 
FauLKNER, VY. C., foundry of Winget, 
Ltd., 374A. 
Fem, E., separation of loam cores, 
365A. 
Fett, E. W.: . 
Paper on “The Piobert Effect in Iron 
and Soft Steel,” 75. Correspon- 
dence, 92. Author's Reply, 96. 
flow of metals, 126D. 
Fetiows, C. W., elected member, 8. 
Fes, H. A., combustion, 334A. 
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Fenwick, F., protective coatings, 
449A. 

FERNEY, L. A. : 

electric resistance seam welding, 
432A. 


welding of machine tools, 437A. 

Ferris, I. J., elected associate, 9. 

Fical, C., electrical distillation of coal, 
47A, 

Frex, G., fatigue tests of welds, 4414. 

Fretp, A. L., slag control, 385A. 

Fretprna, A. W., wire-drawing, 414A. 

FrELDNER, A. C., coking properties of 
coal, 3444. 

Finpuey, J. K., drawing of stainless 
steel, 415A. 

Finney, B., granodising process, 454A. 

Finnican, T. J., corrosion of steel, 
523A. 

First, G. W., sheet measuring device, 
412A. 

FISCHBECK, K., scaling of iron, 421A. 

FLETCHER, J. E., cupola practice, 3634. 

Fotey, F. B., slag control in acid pro- 
cess, 385A. 
Fontana, M. G., reaction of hydrogen 
with ferrous oxide, 380A. 
Forses, D. P., malleable cast iron, 
S734. 

ForRESTER, C., coal in 
Orissa, 322A. 

Forster, A. L., glass silk, 3324. 

Foster, C. E., pyrometers, 416A. 

FourMENT, M., sintering of iron ore, 
325A. 

FoxweE LL, G. E., oil yield from coke- 
ovens, 345.4. 

FRANCELLE, H., elastic limit of struc- 
tural steel, 470A. 

FRANCIS-CaRTER, C. F. J., cathodic 
coatings, 449A. 

FRANKIGNOUL, E., elected member, 8. 

FRANKL, M., steel production in blast 
furnace, 360A. 

FRANKLIN, W. W., rolling mill con- 
struction, 400A. 

Franks, R., effect of nitrogen in chro- 
mium steel, 519A. 

FrauntuaL, A. H., effect of roll neck 
deflection on bearing life, 400A. 

FRIEND, W. Z.: 

propane, 3534. 
propane for bright annealing, 423A. 

Fusm, Y., cold-shortness in metals, 

479A. 


Bihar and 


Gapp, E. R., aircraft engine materials, 
4244. 


Garr, C. J. D., spectrum analysis, 5314. 

Gatto, P. M., design of electric drives, 
410A. 

Gannuil, N. P., elected member, 8. 

Garpom, J. W., cast iron for enamelling, 
456A. 

GaRNER, R. H., elected member, 8. 

Garratt, F., high-speed steel, 4944. 

GarrE, G., porosity in zinc coatings, 
452A. 

Gawtick, H., twin calorimeter, 3334. 

Geary, W., elected member, 8. 

Geaa, C. C., elected associate, 9. 

GerreEL, H., creep tests, 4844. 


GetsLer, W., automobile castings, 
467A. 

GELLER, W., iron-cobalt-tin system, 
514A. 


GENSAMER, M., Liiders lines in carbon 
steel, 475A. 

Gers, W., floor vibrations in foundries, 
364A. 

GerMeat, H., elected member, 8. 

Geze.ius, R. A., contraction of steel 
castings, 375A. 

Gipson, A. E., high-tensile low-alloy 
steels, 494A. 

GILBERT, W. W., cutting tests, 4814. 

Guu, E. T., and R. Goopacre: 

Paper on “Some Aspects of the 
Fatigue Properties of Patented 
Steel Wires,” Part II. Note on 
the Effect of Low-Temperature 
Heat-Treatment 143. Discus 
sion, 166. Correspondence, 168. 
Authors’ Reply, 173. 

GrrarDET, L. E. C., refining cast iron 
with soda ash, 363A. 

GLEICHMANN, H., Benson boiler, 336A. 

GLocKER, R., magnet steels, 505A. 

GOBEL, O., Terni open-hearth furnaces, 
378A. 

Goop, R. C., slag control, 3854. 

Goopacre, R.: 

Paper on ‘Some Aspects of the 
Fatigue Properties of Patented 
Steel Wires.” See Gill, E. T. 

effect of oils on fatigue strength of 
steel wire, 4914. 

Goopricnu, W. E.: 

Paper on ‘* The Penetration of Molten 
White Metals into Stressed 
Steels,’ 43. Correspondence, 65. 
Author’s Reply, 66. 

Gorpan, J. R., wear of cast iron, 
462A. 

Goss, N. P., grain distortion during 
heat treatment, 4244. 

Gérre, A., coal cleaning, 339A. 
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Goveu, H. J.: 

fatigue tests of safety hook, 4914. 

elected member, 8. 

Granoer, L., raw-materials in open- 

hearth practice, 3784. 
GranJon, R., elected member, 8. 
GREAVES, R. H.: 

Paper on “‘ The Properties of Some 
Low-Nickel Steels containing 
Manganese,”’ 99. Correspondence, 
114. Author's Reply, 115. 

GREEN, V. E., inspection of materials, 
506A. 

GREENE, O. Y., torsion impact proper- 
ties of tool steel, 474A. 

GrecGory, C. V., individual drives for 
run-out tables, 410A. 

Greason, W., waste-heat boilers, 336.4. 

Greta, J. W., equilibrium relationships 
of Fe,0,, Fe,O; and oxygen, 
421A. 

GrReENE, G. H. S8., heat-treatment fur- 
naces, 418A. 

GRETHE, K., reducibility of sinter, 358A 

GREWE, H., steelworks tars, 3794. 

Grirrirus, J., coal washing, 340A. 

GRIFFITHS, R. : 

Paper on ‘“Subcutancous Effects 
during the Scaling of Steel,’”’ 67. 
Correspondence, 72. Author’s 
Repiy, 74. 

Grimes, G. J., pickling of sheet steel, 
47A. 

Groves, H. A., McQuaid-Ehnu grain- 
size of steel, 508A. 

GRUNERT, resistance alloys, 517A. 

Gufpras, M., electric furnaces, 385A. 

Gvetiicu, G. E., constituents in steel, 
509A. 

Guiankasa, Z., electrochemical poten- 
tial of iron, 520A. 

Gumz, W., corrosion of preheaters, 
526A. 

GuRNEY, D. M., plant of Sterling 
Foundry Co., 375A. 

GutuMmany, K., temperature measure- 
ment, 417A. 


Haun, W., gas measurement, 337A. 

Hatasz, R. von, moulding sand, 3674. 

Hate, G. E., elected member, 8. 

HaA.eEM, O. von, history of iron, 3614. 

Hatt, G. M., coal, oil and gas in 
Montana, 323A. 

Hatt, H. F., elected member, 8. 

Hatt, P. E., determination of nitrogen 
in coal, 532A. 
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HaMAcue_r, N., iron ore at Rosenberg, 
323A. 

HamManvy, C. W., tests of welds, 441.4. 

Hamiiton, J. W., endurance of malle- 
able cast iron, 468A. 

Hanks, F. T., determination of moisture 
in moulding sand, 367A. 
Hannan, J. D., use of Hele-Shaw 

apparatus, flow of metals, 127D. 
Hansen, J. E., nickel dip in enamelling, 
456A. 
Harpacu, G. L., tests of cast iron, 
459A. 

Harprna, R. C., obituary notice, 314. 
HARNSBERGER, A. E., materials for 
oil-refinery pumps, 499A. 
Harrer, W. A., Klénne_ gasholder, 

352A. 
Harre.uy, F. E., individual drives for 
run-out tables, 410A. 
HARRELSON, O. M.: 
contraction of welds, 443A. 
peening of welds, 440A. 
Harnineton, W. A., wear tests, 4794. 
Harvey, F. A., Forsterite refractories, 
328A. 
Hatrietp, W. H.: 
alloy steels for aircraft construction. 
495A. 
effect of inclusions on flow of metals, 
128). 
steel castings, 371A. 
Harta, A., quenching of steel, 4284. 
H+v, R., slag systems, 387A. 
hevKEL, H., power consumption in 
wire-drawing, 413A. 
Hepaes, E. S., equilibrium diagram of 
tin alloys, 516A. 
HEILIGENSTAEDT, W., heating of ingots 
in soaking pits, 393A. 
Hennina, C. C., Bessemer steel, 376A. 
Hénon, G., metal losses in cupolas, 
363A. 

Hepeurn, W. M., controlled atmos- 
pheres in furnaces, 418A. 
Herpenrt, A. M., and F. C. Tuompson : 

Paper on ‘“‘The Use of the Hele- 
Shaw Apparatus in the investi- 
gation of the Flow of Metals,” 
117. Discussion, 125. Corres- 
pondence, 130. Authors’ Reply, 
131. 

Herrinc, H., Samim sand-preparing 
machine, 367A. 

Hersey, M. D., lubrication, 4024. 

Herty, C. H., jun.: 

effect of deoxidation on ageing, 477A. 

effect of - deoxidation on ferrite 
formation, 509A. 
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HeErz06, G. K., alloy steels for boilers, 
500A. 


HESSENBRUCH, resistance alloys, 517A. 

Herrrick, W., welding, 4434. 

Hever, H. P., Ritex chrome brick, 
327A. 

Hewitt, L. C., refractories for malle- 
able iron furnaces, 330A. 
Hipparp, H. D., tensile strength of 

soft steel, 470A. 

Hicks, W. R., corrosion tests, 525A. 

HiEBER, G., oxygen-phosphorus equili- 
brium, 358A. 

Hicarns, R., effect of casting tempera- 
ture on blowholes in ingots, 
392A. 

Hieuton, L., elected member, 9. 

Hitt, N. W., specific surface of coal 
particles, 339A. 

Hiexkiys, W., obituary notice, 314. 

Hirst, C. W. : 

nickel-manganese steels, 115D. 
steel stressed at 300° C., 288D. 

Hircucock, J. H., _ self - aligning 
bearings, 400A. 

Hircurn, C.8., spectrum analysis, 5314. 

Hoark, W. E., optical examination of 
tinplate, 4544. 

Hoare, W. E., and B. CHALMERS : 

Paper on ‘“‘ Examination of the Sur- 
face of Tinplate by an Optical 
Method,” 135. 

Hosss, H. G., use of zinc ammonium 
chloride in galvanising, 47" A. 

Hocu, welding of machine tools, 4374. 

Hockey, F. R., elected member, 9. 

Hopeson, C. C., case-hardening steel, 
419A. 

Horr, H., forge tests of welds, 4414. 

HOFFMANN, resistance alloys, 5174. 

HoFrMAnn, H., Saar coal, 3434. 

HoFFMANN, W.: 

steel tubes for aircraft, 443A. 
tensile tests of welds, 441A. 

HorrMEIsteEr, B., roof evacuation from 
coke-ovens, 345A. 

Hormany, U., tridymite in silica brick, 
328A. 

Hogay, M. A., deterioration of haulage 
ropes, 498A. 

Hoxsrook, W. F., silica and alumina 
in iron ore, 357A. 

Hotmsera, J. C., welding of alloy steel, 
434A. 

Ho.megs, E. P., elected member, 9. 

Homer, C. E., equilibrium diagram of 
tin alloys, 516A. 

HoMERBERG, V. O., nitriding of cast 
iron, 420A. 
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Honpa, K., A, transformation, 5114. 
Hoop, S. R., elected member, 9. 
Horcer, O. J., photo-elastic tests, 
474A. 
Horvitz, G. J., grain-size control in 
forgings, 425A. 
HoTuHeRSALL, A. W., electrodeposited 
tin coatings, 453A. 
HovpreEmont, E. : 
case-hardening alloy steel, 420A. 
heat treatment of tool steel, 427A. 
HovenutTon, F., elected member, 9. 
Hous ey, W. L., adherence of enamels, 
457A. 
Hoyt, S. L., resistance alloys, 5184. 
Hruska, J. H.: 
fuels for open-hearth furnaces, 378A. 
hardness tests of nitrided steel, 479A. 
Hsien, C. Y., iron ore in China, 324A. 
Huaues, G. A., welding, 433A. 
Hueco, E., section susceptibility of 
cast iron, 464A. 
Hummitzscu, W., austenitic material 
in fusion welding, 436A. 
Hunt, L. B., welding of sheets, 438A. 
Huntrna, F. F., obituary notice, 314. 
Hurst, J. E.: 
alloy cast iron, 466A. 
elastic properties of steel, 470A. 
Husson, G., deoxidation of steel, 383A. 
Hysvop, Sir R. M., obituary notice, 315. 


IKEDA, S., bend tests of cast iron, 460A. 
Imuorr, W. G. : 

fluxes for galvanising, 452A. 

submersion time in galvanising, 452A. 
Irwin, J. T.: 

enamelling, 4564. 

nickel dip in enamelling, 456A. 


Jack, G. B., grain-size control in forg- 
ings, 425A. 
JACKSON, A. : 
Appleby plant of United Steel Com- 
panies, Ltd., 388A. 
effect of nozzle refractories on 
teeming speeds, 391A. 


Jacosus, D. D., corrosion of steel, 


23A. 
Jacosvs, D. S., stress relief of pressure 
vessels, 440A. 
James, W. L., elected member, 9. 
JAMIESON, R. E., residual stress effects 
in tension specimens, 475A. 
Jam, W., steel containers for motor 
fuels, 444A. 
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JaNSSON-FoLtuin, (. G. 1... elected 
member, 9. 

JEFFERSON, R. E., texture of refrac- 
tories, 329A. 

JENKINS, C. H. M. : 

Paper on “The Behaviour of Mild 
Steel under Prolonged Stress at 
309° C.,” Part Il—Experiments 
on, Concentrated Stress in 
Nétched and Drilled Specimens, 
281.’ Correspondence, 288. Au- 
thor’s Reply, 288. 

Jenkins, C. H. M., and G. A. MELLOr : 

Paper on “Investigation of the 
Behaviour of Metals under 
Deformation at High Tempera- 
tures,” Part I—Structural 
Changes in Mild Steel and 
Commercial Irons During Creep, 
179. Discussion, 228. Corres- 
pondence, 230. Authors’ Reply, 
234. 

JENKNER, A., oil yield from coke ovens, 
345A. 

Jenninos, C. H., welding of bronze 
overlays, 437A. 

Jenninos, W. R., high-duty cast iron, 
364A. 

JENSEN, R., weld metal versus rolled 
steel, 443A. 
JOHANNESEN, J. K., welding of engine 
seating structures, 437A. 
Jounson, H. H., graphitising reactions, 
468A. 

Jounson, J. §., porosity in welds, 
443A. 

Jones, J. A.: 

nickel-manganese steels, 114D. 

stressed metals at high temperatures, 
230D. 

Jonegs, J. W., photomicrographs, 5074. 

Jones, W. D., iron-zine diagram, 516A. 

Jorpan, L., hardening characteristics 
of tool steel, 508A. 

JosepH, T. L., silica and alumina in 
iron ore, 357A. 

Junece, C. H., graphitising reactions, 
468A. : 
Jireens, K., Werk Konigshuld, 390A. 
JURGENSMEYER, W., roller bearings, 

401A, 


KaGan, M., sponginess in iron, 375A. 

Katser, J. D., use of bronze for dies, 
394A. 

Kaxprrs, H., steel bells, 372A. 
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Kar, H. A. : 
analysis of chromium steel, 530A. 
determination of sulphur, 530A. 
Karscuutty, M., potential of iron in 
nitric acid, 521A. 
KarsTEN, A., metal spraying of castings, 


455A. 
Karwat, E., oxygen-enriched blast, 
357A. * 
Kase, T., cementation of metals by tin, 
418A. 


Kasper, C., electrodeposition of chro- 
mium, 450A. 

KAsTEL, E., wire mill in Japan, 403A. 

KAUCHTSCHISCHWILI, M., electric fur- 
naces, 385A. 

Kautz, K., Krupp welding process, 
435. 


KeEatinoG, F. H., elected member, 9. 

KEELAN, T. N., defects in strip, 408A. 

KEENER, 8S. F., tempering of bearings, 
428A. 

KELLOGG, C. A., tests of wire, 468A. 

Kenyon, J. N., fatigue testing machine 
for wire, 486A. 

KernaHan, W. C., forging presses, 
394A. 

Kerr, R., use of sodium sulphite for 
tinned ware, 454A. 

KeEssneR, hardness of sprayed coatings, 
455A. 

Kinistept, P. G., concentration of 
titaniferous iron ore, 325A. 

Kine, J. G., hydrogenation of coal, 
352A. 

Kina, R. M.: 

adherence of enamels, 457A. 
enamels, 457A. 

Kinnear, H. B., copper stools for ingot 
moulds, 391A. 

KrnzeL, A. B., tests of slags, 385A. 

Kirke, P. St. G., heat transmission in 
boilers, 337A. 

KircHinG, J., obituary notice, 315. 

KJERRMAN, B., transformation tem- 
peratures of martensite and 
austenite, 513A. 

KLARDING, J., blast-furnace burdens, 
357A. 

KLEINEFENN, W., notch toughness of 
fusion welds, 442A. 

Knecut, W., a-y » transformation, 





511A. 
Knerr, H. C., nitriding of tool steel, 
420A. 


KnitpreL, H., ageing of steel, 478A. 

KoepreEL, C., coke-oven door brick, 
329A. 

Kout, E., iron ore in Germany, 3234. 
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Kotrnorr, I. M., determination of 
manganese in steel, 529A. 
Komers, M., bend tests of welds, 441A. 
KomovskI, electrodes for spot welding, 

432A. 

KOrBeER, F. : 

action of carbon on acid-slag reactions 
in steel making, 382A. 
properties of rails, 501A. 

Korscuan, H., effect of forging on 
properties of steel, 396A. 

KosHEWNIKON, J., chromium-molyb- 
denum steel tubes, 408A. 

KoésTER, W., iron-cobalt-tin system, 
514A. 

KRralIscHEw, R., crystal growth, 508A. 

KRAMER, W., sheet mills, 405A. 

Kravs, C. E., cutting tests, 481A. 

Kress, E., roof evacuation from coke- 
ovens, 345A. 

Kress, W., plant of South African 
Tron and Steel Industrial Cor- 
poration, 390A. 

KrevuGeEr, H., roof evacuation from 
coke-ovens, 345A. 

Kroii, W., desulphurisation of steel 
by beryllium, 384A. 

KUFFERATH, A., microscope, 375A. 

Kiaiwet, F. L., Saar coal, 343A. 

KiHnet, R., tensile tests of welds, 
441A. 

KiRscuner, welding of pipes, 438A. 

KussMAaNN, A., permanent magnets, 
505A. 


LAFFARGUE, recuperators, 338A. 
Lanovussay, L., de-dusting of gas, 350A. 
Laissus, J., cementation of iron by 
beryllium, 418A. 
LAKE, E. F.: 
decarburisation of steel, 423A. 
hardening and tempering, 426A. 
LANNING, L. A., selective carburisation, 
419A. 
La QugE, F. L., corrosion tests, 522A. 
LarkE, Sir W. J., history of iron, 
361A. 
Lea, F. C., fatigue tests on steel wire, 
70D. 


LEBLANC, A., properties of nickel and 
nickel-chromium steels, 472A. 

LecxiE, F., propane for bright anneal- 
ing, 423A. 

Leg, O. R. J., elected associate, 9. 

LEFEBVRE, A. G., refining cast iron with 
soda ash, 363A. 


L’HermitE, R., laboratories in Paris, 


528A. 
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Leur, E., bending fatigue strength of 
stepped shafts, 490A. 
Lennincs, W., oxygen-enriched blast, 
355A. 
Leon, A. : 
bleeding of steel, 480A. 
effect of prestressing on cast iron, 
461A. 
LEONHARDT, R.: 
gas measurement, 3374. 
multi-casting process, 369A. 
Leroy, A., corrosion of welds, 526A. 
Lewis, K. B.: 
die stresses and die wear, 413A. 
inhibitors in pickling, 447A. 
Lewis, K. G.: 
scaling of steel, 73D. 
soil resistance and underground 
currents, 527A. 
Lewis, P. S., metallic coatings, 448A. 
Ligotre, C. M. F. R., elected member, 
9. 
Lrépavt, A., heat exchangers, 338A. 
LiEDHOLM, C. A., retained austenite in 
high-speed steel, 430A. 
LinpseEy, G. 8., enamels, 457A. 
Linaane, J. J., determination of man- 
ganese in steel, 529A. 
LiprErtT, T. W., shorterising, 420A. 
LITTERSCHEIDT, W., roof evacuation 
from coke-ovens, 344A. 
Litvn, P. L., electrification in Russian 
plants, 337A. 
Lioyp, G. C., presentation to, 5. 
Lozseck, A., straightening of rails, 
412A. 
LosLey, A. G., electric heat-treatment 
furnaces, 417A. 
Locuty, P., ammonia recovery, 348A. 


| LONGENECKER, C., sheet mills of 


Youngstown Steel and Tube Co., 
405A. 
Lucas, F. F., preparation of specimens 
for metallographic work, 506A. 
Lvea, W.: 
cold-rolling of strip, 407A. 
stress-elongation curves of steel, 
482A. 
LuerssEn, G. V., torsion impact pro- 
perties of tool steel, 4744. 
Lunt, G. T., refined pig iron, 364A. 
Lynn, C., motor-generator equipment, 
410A. 


McA.uisTeR, L. P., alloy steels for 
boilers, 500A. 














McBurvz, D. L., effect of‘ deoxidation 
on ferrite formation, 509A. 
MoCatt, M. M., billet gauger, 411A. 
McCance, A., flow of metals, 129D. 
MoCotiam, C. H., pitting of metals 
during pickling, 448A. 
McConnacuiz, W., metal losses in 
cupolas, 3634. 
McCormick, J. T., elected member, 9. 
McCosu, W. W., obituary notice, 315. 
McDermott, G. R., soaking pits, 
393A. 
McE.twegz, R. G., heat treatment of 
cast iron, 431A. 
MacGrecor, R. A., fatigue of marine 
engine parts, 490A. 
McInrosu, A. B., slag systems, 387A. 
MoIntyre, G. H., enamelling, 4564. 
MacKENZzI®, T. B., obituary notice, 315. 
McMottan, O. W., endurance of case- 
hardened gears, 488A. 
MacPuHERRAN, R. S., test bars for cast 
iron, 459A. 
McQvarp, H. W., effect in aluminium 
in steel, 493A. 
Mappocks, W. R., FeO-Mn0O-SiO, 
system, 388A. 
MaxEGDEFRAU, E., tridymite in silica 
brick, 328A. 
MAHADEVAN, C., X-ray examination of 
coal, 338A. 
Maun, E. G., endurance of malleable 
cast iron, 468A. 
MAILANDER, R. : 
bending fatigue strength of stepped 
shafts, 490A. 
impact tests of welds, 4414. 
notch sensitiveness of steel, 473.4. 
standardisation of impact test-bars, 
472A. 
Maxkagziewa, S. P., electrodeposition of 
chromium, 451A. 
Marcotte, E., low-temperature car- 
bonisation, 347A. 
MaRETTE, J., seamless tubes, 409A. 
MarsHALL, J. R., desulphurisation of 
coke-oven gas, 351A. 
Mason, J. B. M., coal briquetting, 343A. 
Mason, W., yield of steel wire under 
stress, 490A. 
MatuEws, J. A., obituary notice, 316. 
Marsukawa, T., viscosity of slags, 
387A. 
Martine, A., tensile tests of welds, 
441A 


MarTTocks, E. O., combustion of gas, 
3344 


MavuuLBetou, S., photo-elastic tests, 





“580 NAME INDEX. 


Mavmann, F. K., corrosion-resistant 
steel, 519A. 

Maurer, E., effect of forging on pro- 
perties of steel, 396A. 

Maovrer, E., and W. Biscnor: 

_Paper on “The Distribution of 

Phosphorus between Metal and 
Slag in the Basic Process of 
Steel Manufacture,” 13. 

Mawka, J. K., control of furnaces, 
337A. 

MaxweE LL, H. L., properties of metals 
at high temperatures, 486A. 

Mayer, C. F., tempering of roller 
bearings, 417A. 

Mears, R. B., corrosion probability, 
520A. 

MEaL, R. F. : 

alpha-gamma transformation, 512A. 

effect of deoxidation on ageing, 477A. 

Liiders lines in carbon steel, 475A. 

effect of deoxidation on ferrite 
formation, 510A. 

Menovak, J., properties of rails, 501A. 

MELLON, J. J., electric controllers for 
screwdowns, 399A. 

MELLor, G. A.: 

Paper on “ Investigation of the 
Behaviour of Metals under 
Deformation at High Tempera- 
tures.” See Jenkins, C. H. M. 

Merica, P. D.: 

age-hardening of steel, 476A. 

alloys of high thermal and magnetic 
stability, 485A. 

MERELEN, J., fracture of pylon, 502A. 

Merwin, H. E., equilibrium relation- 
ships of Fe,0,, Fe,0, and 
oxygen, 421A. 

Messkin, W. §&., _ nickel-aluminium 
magnet steel, 5044. 

MICHEL, A., tool steel, 427A. 

Mriter, A. P., slag control in rail steel 
making, 3854. 

MiILteR, C. C., alloy cast iron, 364A. 

Mutter, H. L., copper-nickel-molyb- 
denum steel, 496A. 

Misum™a, T., elected member, 9. 

MircHeELL, P. J., obituary notice, 317. 

MitscuE, R., metallurgy of iron, 5064. 

Mitton, H. E., grading of coal, 3404. 

Miwa, M., polished layer of metals, 
507A. 

Monr, A., jun. : 

blast-furnace stoves, 355A. 

gas cleaning, 351A. 

Métier, H., X-ray examination of 
metals, 507A. 
Moopy, C., elected member, 9. 





NAME INDEX. 581 


Moors, H. F., effect of overload on 
strength of metals, 487A. 
Moreau, L., gases in metals, 532A. 
MoazEss&p, G., electric welding, 433A. 
Moraay, W. G., foundry practice, 362A. 
Morrison, J. R., convection heating, 
423A. 
Morrow, J. B., coal sampling, 532A. 
Mort, E. R., normalising of sheets, 


MoTHERWELL, G. W., forge shop in | 


Japan, 3944. 

Mov ton, G. F., coal, oil and gas in 
Montana, 323A. 

Moxtey, 8. D., dust collection in 
foundries, 364A. 

MvueELteErR, H., cavitation in turbines, 
527A. 





NEvuMANN, A. J., elected member, 9. 

Newa.i, H. F., combustion of pul- 
verised coal, 342A. 

NIcHOLts, P., fuel beds, 335A. 

NreteN, W., rolling mill construction, 
403A. 


| Nipper, H., section susceptibility of 


cast iron, 464A. 
NisHigorI, S., nitriding of steel, 420A. 
NIsHIYAMA, Z., austenite and marten- 
site in steel, 510A. 


| Nrxon, E. B., welding of mild steel, 


Mier, E. W., corrosion and scaling 


of structural steel, 524A. 
MU uer, H.: 
calculation of loops for rod mills, 
404A. 
charge weight of billets, 402A. 
strip mills, cost of operation, 408A. 
Mi ier, W., effect of temperature on 
deformation of metals, 396A. 
Miter, W. J., passivity phenomena, 
521A. 
MvurakKamI, T. : 
corrosion of mild stvel, 525A. 
quenching of steel, 428A. 
Murpny, A. M. C., heat-resistant alloys, 
518A. 
Murpeny, D. W., austenitic grain-size in 
cast iron, 462A. 
Murray, J. V., malleable cast iron, 
373A. 


NapAI, A., Piobert effect, 92D. 
NaGasawa, temper-brittleness, 4314. 
Nakamura, K., elasticity of ferro- 

magnetic substances, 471A. 
Nasuay, P., capillarity of coal, 338A. 
NEALEY, J. B.: 


centrifugal casting of pipe, 370A, | 


371A. 
heat treatment of springs, 425A. 
luminous flame heating, 3354. 


NeeEpuAM, L. W., specific surface of | 


coal particles, 339A. 
Negsr, H. E., fatigue of welds, 4424. 
NEIson, J., obituary notice, 318. 


NExkrassow, N., electrochemical poten- | 


tial of iron, 520A. 
Nernst, L., cadmium plating, 451A. 
NETTLENBUSCH, L., oil yield from coke- 
ovens, 345A. 


439A. 

Nose, W. N., enamels, 457A. 

Norris, F. G., slag control in steel- 
making, 385A. 

Norrucott, L., constitution of steel 
and effect of differential solidi- 
fication on segregation, 392A. 

Niset, R., determination of calorific 
value, 333A. 

Nussaum, C., grain distortion during 
heat treatment, 424A. 


OsBREBSKI, J., steel castings, 375A. 

OELSEN, W., action of carbon on acid 
slag reactions in steelmaking, 
382A. 

Oxamora, K., bend tests of cast iron, 
460A. 

Oxupa, H., nickel alloys for automobile 
construction, 496A. 

OLpERSHAW, F., moulding of pulley 
wheels, 369A. 

Outver, S. K., hardening of tool steel, 
426A. 

OxttarD, E. A., electrodeposition of 
chromium, 450A. 

OusEN, J. K., estimation of blanks for 
drawn parts, 397A. 

Orr, J., electric are welding, 433A. 

Orto, J., welding machines, 4324. 

Owesny, F., jun., welding of tubes, 
437A. 


PALMGREN, G., roller bearings, 401A. 

ParK_ER, D. M. S., elected member, 9. 

ParKER, R., elected associate, 9. 

Park_ERr, R. T., iron-zine diagram, 516A. 

ParmirTeEr, O. K., forging of stainless 
steel, 395A. 

PartripGE, E. P., embrittlement of 
boilers, 478A. 

PasoukE, M., effect of phosphorus in 
cast iron, 466A. 
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Patrerson, S. R., obituary notice, 
318. 
Patterson, W. S., corrosion of iron, 
523A. 
Patrerson, W. M., hardness testing 
machine, 479A. 
Paweck, H., electrodeposition of 
copper-nickel-iron alloys, 449A. 
PawLeK, F.: 
magnetic properties of electrolytic 
sheet iron, 504A. 
magnetic properties of iron-nickel 
alloys, 503A. 
Pertierra, J. M., hydrogenation of 
coal, 352A. 
Persst, H., metallurgy of iron, 506A. 
Peters, F. J., heat-resistant paints, 
458A. 
Peters, F. P., resistance alloys, 
517A. 
Petit, D., refractory materials, 327A. 
Petunnikov, G., chromite in South 
Slavia, 323A. 
PFAFFENBERGER, J. : 
iron-nickel alloys, 515A. 
magnetic properties of electrolytic 
sheet iron, 504A. 
Prister, H., magnet steels, 505A. 
Puitures, A., effect of furnace atmo- 
sphere on molybdenum high- 
speed steel, 4224. 
Puurrs, G. P.: 
impact resistance of cast iron, 
460A. 
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